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vidual retesting for accuracy make 
Kimble Dairy Glassware a stand- 
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careful tempering to equalize 
strains creates a product of maxi- 
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Outstanding quality and assured 
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standard of the dairy industry — 
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KIMBLE DAIRY TEST WARE 


AN @ PRODUCT 


in an exacting industry. 
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curacy and serviceability. Kimble 
Dairy Glassware is distributed 
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PEOPLE AND EVENTS 


The President Comments 
Your Program Committee recently met in 
Chicago and spent the greater part of two days 
working out the general program for the next 
annual meeting to be held on the campus of the 
Univ. of Illinois June 15-17, 1959. Everything 
points to another successful meeting this year. 
We feel confident the 
scientifie papers, sym- 
posia, and other activi- 
ties will be mutually at- 
tractive to all members 
in the many industries 
concerned with dairying 
as well as those in the 

academie fields. 


Titles and Abstracts 
are Due. May I eall 
your attention to the 


deadline of Feb. 1, 1959, 

for titles and abstracts 

R. L. Turk of papers to be pre- 

sented. This deadline 

must be met so the program can be published 

in the April Journal and the abstracts in the 
May Journal. 

If you have a paper to present and have not 
already done so, send your title and abstract 
to your section chairman right away. 

There is a general feeling among many 
members of our Association that the abstracts 
can and should be improved. Regardless of 
whether the criticism is justified, it certainly is 
important to have abstracts of high quality. As 
you prepare your abstract, you might want to 
check on these points : 





1. Have I stated clearly the reason why the 
research was conducted? How important is it 
to the dairy industry? 

2. Have I presented complete data showing 
the inajor results of the research? 

3. Are my data as presented understandable 
to my audience? Can a busy reader get quitkly 
the significance of my research results? 

4. Is there a closing or concluding statement 
giving the essential findings and their practical 
application? 


A good abstract will include a clear-cut ob- 
jective, a concise summary of experimental re- 
sults and a final statement on the value and 
application of your findings. This will help im- 
measurably for those who read your abstract. 
Just remember that most of the people in your 
audience don’t know as much about your sub- 
ject as you do. 

Too often we see statements, such as: “Data 
will be presented.” Obviously such a sentence 
is worthless and contributes nothing to your 
fellow workers or to our Publicity Committee 
who use our abstracts as sources of publicity 
articles about our Association. If theré are no 
data or results to put in the abstract, maybe 


the paper should be deferred until next year. 

Cun Our Papers Be Improved? As the num- 
ber of papers being presented at our Annual 
Meeting has increased markedly in recent years, 
we seem to hear more criticisms on their quality. 
Some of the typical criticisms are: “We have 
too many papers”; “Many papers are presented 
on limited data of little significance”; ‘Too 
many papers are given that involve insufficient 
numbers of cows which often are low in produe- 
tion”; “The presentations were too technical 
and over the heads of the audience.” Perhaps 
you have heard these and other comments. 

Often I hear this statement: “If there was 
some way of eliminating about one-half of the 
papers the program would be improved.” It is 
not easy to “eull out” the so-called inferior 
papers. Who is in a position to make this 
judgment based on the title and abstract? It is 
simply the responsibility of the members to do 
their own culling. Certainly no one can argue 
over the right of any member of the Association 
to present papers at our annual meeting. But 
at the same time, each member giving a paper 
must be willing to accept his responsibility to 
make a contribution to our knowledge in the 
field of dairying. The research must be care- 
fully planned and conducted, and care needs 
to be taken that the data are not presented 
prematurely. 

Your Program Committee has spent a great 
deal of time discussing ways and means of im- 
proving the quality of our scientific presenta- 
tions at our annual meeting. If improvement 
is needed, it can be brought about only by the 
members. So the Program Committee joins 
with me in urging each member who submits a 
paper for presentation at our next annual meet- 
ing to consider these points: 

1. Will my paper contribute to basie or ap- 
plied knowledge in dairy science? 

2. Will my presentation be a credit to my 
university, experiment station, department, in- 
dustry or organization which I represent? 

3. Will my data be a real credit to me as a 
scientist? 


I am confident that if all of us give more con- 
sideration to these questions raised by our fel- 
low members, it will result in more useful and 
valuable meetings of our Association. 

Graduate Student Scientific Presentation 
Competition. Upon the recommendation of our 
Student Affiliate Committee, and a special com- 
mittee which studied and evaluated the proposal, 
the Executive Board has approved the plan for 
a graduate student scientific presentation com- 
petition beginning with the June, 1959, annual 
meeting. This competition will be held only in 
the Production Section this first year, and if 
successful, will be included in both the Manu- 
facturing and Production Sections in subse- 
quent years. 
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Student affiliate members, who are graduate 
students, are eligible to enter this competition. 
Their presentations will be given in the regular 
technical sessions and will be evaluated by a 
panel of judges. The graduate student winning 
this competition will receive an award of $100. 

The deadline date for entering this com- 
petition is February 1, 1959. The title and 
abstract should conform to the regular pattern 
for presenting technical papers. There isn’t 
much time let for graduate students to enter 
this competition. 

It is hoped that through participation in this 
competition, graduate students should gain an 
early and fuller appreciation of (a) the im- 
portance of adequate communication in the dis- 
semination of research information, and (b) 
the role of the Association and its members in 
advancing the welfare of the dairy industry 
through research. 

K. L. Turk, President 


Recent Death 


E. L. Wituerr, 45, one of the 
tinguished scientists at Michigan State Univ., 
died Oct. 22, 1958. Dr. Willett was a member 
of the Dairy Dept. faculty at M.S.U. 

A 1937 alumnus of Michigan State, Dr. Wil- 
lett received his M.S. degree from the Univ. 
of Nebraska and his Ph.D. degree from Cornell 
Univ. He is well re- 
membered by some of 
his older instructors at 
Michigan State as one 
of the most brilliant 
students to be gradu- 
ated from the school. 

Dr. Willett was a re- 
production physiologist 
who attained inter- 
national prestige when 
he successfully trans- 
planted the fertilized 
ovum from one dairy 
cow to another. 

After reveivine his 
degrees, Dr. Willett did research work at both 
the Univ. of Puerto Rico, the Univ. of Hawaii, 
and later acted as director of research for the 
American Foundation of Biological research in 
Madison, Wis. 

He was a member of Alpha Gamma Rho, the 
American Genetic Association, American Asso- 
clation for the Advancement of Seience, So- 
ciety of Animal Production, American Dairy 
Science Association, and American Men of 
Science. He has published 41 articles and re- 
views on many aspects of the physiology of 
reproduction. 


most dis- 





E. L. Willett 


Survivors include his wife, Lawain CHuR- 
CHILL WILLETT; a daughter, Mary; three sons, 
Wa ter, Ray, and Dan; his parents, Mr. and 
Mrs. Rey Wiuuerr, Bad Axe, Mieh., and a 


brother, CLIrrorD, also of Bad Axe. 


Welcome to Members of the American 
Dairy Science Association 


The Univ. of Illinois is pleased to serve as 
host te the 54th Annual Meeting of the Ameri- 
can Dairy Science As- 
sociation, June 15-17, 
1959. 

From the founding 
of the association on 
this campus in 1906, 
there has been a close 
relationship between 
the University and the 
American Dairy  Sei- 
ence Association. The 
University is proud of 
this relationship and is 
happy again to wel- 
come members to a 
meeting here. The faculty and staff of the 
University will do everything possible to make 
the event an enjoyable one for all who attend. 

On behalf of the University, I give you most 
cordial greetings and good wishes. 

Davip D. Henry, President 
University of Illinois 





D. D. Henry 


South Dakota Names Bentley 
Dean of Agriculture 


QO. G. BentLeY, professor of animal science 
at Ohio State Univ., has been appointed Dean 
of Agriculture at South Dakota State College. 

A native of South Dakota, Dr. Bentley gradu- 
ated from Midland, S.D., high school and _ re- 
ceived his B.S. in agriculture from South Da- 
kota State College in 1942. 

During World War II, he served in the 
Chemical Warfare Service and attained the 
rank of major at the termination of his tour 
of duty in 1946. 

After the war, he received his M.S. and Ph.D. 
degrees from the Univ. of Wisconsin in the 
field of biochemistry and nutrition. From 1950 
to 1957, Dr. Bentley was on the staff at Ohio 
State Univ. 

He is a member of the American Society of 
Animal Production, the American Chemical 
Society, the American Institute of Nutrition, 
and the American Dairy Science Association. 

Dr. Bentley goes to South Dakota with an 
excellent background of research, teaching, 
and administration. 


FDA Promotes O. L. Kline 


O. L. KLINE has been named the new director 
of the Division of Food, Food and Drug Ad- 
ministration. He has been with the FDA since 
1936. 

Dr. Kline is the author or co-author of more 
than 60 scientific publications and is particu- 
larly well-known for his work in experimental 
animal uutrition. 

His first contribution was the 


at the FDA 
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This message is being published in tarm magazines by 
Babson Bros. Co. in the interest of good dairying. 
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“Good Cow Milking in 18 Words” 


1. Hang the Surge—Low and Level 








2. Puli the Surcingle— well forward 
3. When she’s milked out— take it off! 





Good cow milking is the first line of defense against udder 
trouble. It always has been — it always will be. 
You can do a good job of cow milking with any machine 
now being built. 
We believe that it is much easier to do a good job with 
a Surge. Most men will get along better with a job that 
is not too hard. 


BABSON BROS. CO. 


2843 W. 19th Street © Chicago 23, Illinois 


© Babson Bros. Co., 1958 





ATLANTA © DALLAS ©® KANSAS CITY © MINNEAPOLIS 
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development of an analytical method for the 
determination of thiamine that was immedi- 
ately adopted by the U.S. Pharmacopoeia as 
an official method. He continued to assist in 
the development of USP methods of analysis 
for vitamin content of drugs. As general ref- 
eree on vitamins for the Association of Official 
Agricultural Chemists for the past eight years, 
he directed industry and government collab- 
orative studies that led to adoption of official 
analytical methods for vitamins and amino 
acids in foods. 

He received his B.S., M.S., and Ph.D. de- 
crees from the Univ. of Wisconsin. He has been 
treasurer of the American Institute of Nu- 
trition, associate editor of The Journal of Nu- 
trition, and president of the Washington area 
chapter of the Society for Experimental Bi- 
ology and Medicine. 


Tech Society News Notes 


(Beginning with this issue, “Tech Society 
News Notes,” will be a regular feature of the 
Journal. This column will be devoted to news 
and events of all state and local Dairy Tech- 
nology Societies throughout the nation. Help 
us make this an informative and representative 
column by sending news and notes of your 
THE .EpIror. ) 

Minnesota—A. C. KNnuprson, agricultural 
economist for the Federal Reserve Bank, Min- 
neapolis, was the featured speaker at the De- 
cember meeting. Dr. Knudtson spoke on the 
topic, “A Look at Costs in Relation to De- 
cision-Making.” 


society 


Kansas City Area—The November meeting 
featured “Past Presidents” and also a talk by 
V. D. Fourz, Dept. of Bacteriology, Kansas 
State College, Manhattan. Dr. Foltz’s topic was 
“Some Bacteriological and Sanitation Prob- 
lems of Our Milk and Milk Produets Plants.” 

2ast Presidents honored were EK. S. Hunt, 
Dan Kocker, Frank Woop, Sr., JAMES STEW- 
arT, Jr., C. J. Steck, Vince CrimMins, Tom 
LarRsEN, Emmetrr Dunn, B. J. Cassipy, FRED 
Porter, Mip Carrou, C. C. Porrer, M. M. 
Caszy, Epon Donovan, and L. A. Duncan. 

The December meeting consisted of a Christ- 
mas party with the following “unusual” feat- 
ures: egg nog “with the hog” 
formal program, and lots of prizes. 


; no speeches, no 


Atlanta—The Annual Christmas party took 
the place of the December meeting. It was a 
family affair in the Henry Grady Hotel, At- 
lanta. Ray MurpPHy was chairman of the party 
committee, 

Detroit—The Detroit Society held its An- 
nual Christmas party at Cregars Pickwick 
House. The evening’s events included a Smor- 
gasbord dinner followed by light entertain- 
ment, 

Tri-State Society—Pittsburgh was the scene 
of the Christmas party for the Tri-State Dairy 
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Technology Society. The evening included din- 
ner, entertainment, and prizes. 

Oklahoma—‘Ladies’ Night” was the theme 
of the December meeting. The dinner-meeting 
began with entertainment by the Oklahoma 
State Univ. student entertainers. Guest speaker 
was Bos Josuin, director of research for Fair- 
mont Foods Company, who spoke on the topie 
“Creativity and Research.” 

The Society announced the following new 
sustaining members: Beatrice Foods, Tulsa; 
Beatrice Foods, Oklahoma City; Borden Com- 
pany, Cklahoma City; Carnation Company, 
Tulsa; Colvert’s, Ardmore, and Creamery Pack- 
age, Oklahoma City. Money from these mem- 
berships sent the O.S.U. dairy products judg- 
ing team to the national contest in Chicago. 

The November meeting was held in con- 
junction with the O.S.U. Dairy Industry Con- 
ference held Nov. 13. G. M. Trout, professor 
of dairying, Michigan State Univ., was the 
featured speaker. 

Philadelphia—The December dinner-meeting 
featured the following speakers: Nep Mc- 
INTOSH, regional personnel director of Sealtest 
Supply Division; J. O. MurrHeap, laboratory 
director and country production manager, Bor- 
den Castanea; R. M. Acurr, sales engineer 
for Klenzade Products, Ine., New York; and 
W. G. Baxter, sales trainer for Abbotts Dairies. 

Michiana—The Michiana Club—serving 
Michigan and Indiana and headquartered in 
South Bend—had a “Ladies’ Night” on Dee. 
2. Guest speaker was Countess MARIE PULASKI 
of Polish nobility. She was an international 
spy during World War II, and is a widely 
known public speaker. 





Nebraska News 


K. M. SHAHANI, associate professor of dairy 
husbandry at the Univ. of Nebraska, Lincoln, 
will take part in a demonstration of recon- 
stituted milk and ice cream production at the 
American Dairy Fair at New Delhi, India. 

A native of Hyderbad, Sind, India, Dr. 
Shahani received his bachelor’s degree from 
the Univ. of Bombay and his master’s degree 
at the Indian Dairy Research Institute, Banga- 
lore, India. He received his Ph.D. degree from 
the Univ. of Wisconsin in dairy industry and 
biochemistry. 


M. J. Regan Reports from Costa Rica 


M. J. ReGan, professor of dairy extension 
at the Univ. of Missouri, reports that extension 
dairy work in Costa Rica has been very inter- 
esting. Prof. Regan has been on leave from 
Missouri while working out of San Jose, Costa 
Rica, 

He reports that he has an excellent cooper- 
ative dairy plant in San Jose and that the 
plant is producing a very high qua‘ity of milk. 

His group is now working on the possibili- 
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APPROVED B-B-L MEDIA 
FOR THE 
SANITARY BACTERIOLOGIST 


“standard plate count” medium... B-B-L 01-298—MILK PROTEIN HYDROLYSATE AGAR (M-P H MEDIUM) 


- Officially replaces media used prior to 1953 for the examination of milk and dairy products. - Officially adopted in 
1953 for the examination of eggs and egg products.3- Standard plating medium for the examination of water since 1955.4 










; 


recommended media for detection and enumeration of coliforms in milk, dairy products and water...'* 
B-B-L 01-298 —MILK PROTEIN HYDROLYSATE AGAR B-B-L 01-122—LACTOSE BROTH 
pete ie a B-B-L 01-245—ENDO AGAR 


B-B-L 01-114 —DESOXYCHOLATE LACTOSE AGAR 


B-B-L 01-274— FORMATE RICINOLEATE BROTH B-B-L 01-269—LAURYL SULFATE BROTH 
B-B-L 01-286 —VIOLET RED BILE AGAR B-B-L 01-183—TRYPTICASE GLUCOSE EXTRACT AGAR 


(1) Standard Methods for the Examination of Dairy Products, ed. 10, New York, American Public Health Association, 1953. (2) Committee Report, 
Am. J. Pub. Health 42:1131 (Sept.) 1952. (3) Microbiological Methods, report at 66th Ann. Meet. Assn. Official Agricultural Chemists, Sept. 29, 1952: 
J. Assn. Official Agr. Chem. 36:91 (Feb.) 1953. (4) Standard Methods for Examination of Water, Sewage and industrial Wastes, ed. 10, New York, 
American Public Health Association, 1955. 


Literature on B-B-L’s ceiaplete line of culture media and apparatus for the microbiological laboratory sent on request. (13) 
B-B-L BALTIMORE BIOLOGICAL LABORATORY, INC - BALTIMORE 18, MARYLAND 


A Division of Becton, Dickinson and Company 


PHOTO COURTESY OF AMERICAN OPTICAL COMPANY, INSTRUMENT DIVISION, 


B-B-L and Desoxycholate Agar are trademarks. 
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What the Sanitarian said: 
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We urge our Producers 
to use 


RAPID-FLO' SF 


Mik Filters | 


Because we know that clean milk is a must. That’s 
why we recommend Rapid-Flo S/F Milk Filters. We also 
know that Rapid-Flo S/F Filters are ENGINEERED for 
safe filtration and cost less in the long run. At no extra cost, 
the producer benefits from a reliable Rapid-Flo Check-up 


for mastitis. 


Read the important message printed 
on the bottom of each carton. of Rapid- 
3 Flo S/F Filter Disks. It’s important 
to us, our patrons, and the customers 
who buy dairy products. 


FILTER 
PRODUCTS 
DIVISION 





4949 West 65th Street, Chicago 38, Illinois 


Copyright 1959, Johnson & Johnson, Chicago 
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ties of establishing cheese factories in a number 
of Costa Rican loealities. 


Wisconsin News 


The Annual Wisconsin Dairy Manufacturers’ 
Conference was held Jan. 28-29 at the Univ. 
of Wisconsin, Madison. 

The program consisted of five 
“Selling Nonfat Dry Milk,” 
Conference,” “Progress and 
Dairy Technology,” “Ice 
and “Cheese Conterence.” 
sections were: 


main parts, 
“Market Milk 
Predictions in 
Cream Conference,” 

Speakers for the 


Selling Nonfat Dry Milk—MARvIN SCHAARS, 
Univ. of Wisconsin, chairman; J. T. WALSH, 
American Dry Milk Institute, Chicago; NEAL 
McBgatu, Consolidated Badger Cooperative, 
Shawano, Wis.; JoHN Lock, Galloway-West 
Co., Fond du Lae, Wis.; B. J. OmMopr, Agri- 
cultural Marketing Service, USDA, Washing- 


ton; B. M. ZAKARIASEN, Land O’Lakes, Min- 
neapolis, Minn.; and Myron Dean, Univ. of 


Wisconsin. 

Market Milk Conference—H. C. JAcKson, 

Univ. of Wisconsin, chairman; H. EK. CALBERT, 
Univ. of Wisconsin; E. M. Fostrer, Univ. of 
Wisconsin; J. C. Stites, Foremost Dairies, 
Iné., Ellsworth, Wis., and G. M. Trout, Michi- 
gan State Uniy., Kast Lansing. 
Predictions in Dairy Tech- 
nology—Kk. G. WercKkeL, Univ. of Wisconsin; 
R. K. Froker, Dean of Agriculture, Univ. of 
Wisconsin; CLAIRE JACKSON and HvuGH StTEw- 
srT, Wisconsin Dept. of Agriculture; E. H. 
Parfitt, Evaporated Milk Association, Chi- 
cago; H. L. Mirren, Creamery Package Manu- 
facturing Company, Chicago; Ropert MoJon- 
NIER, Mojonnier Brothers Company, Chicago; 
G. M. Trout, Michigan State Univ., East Lan- 
sing; and L. C. THomsen, Univ. of Wisconsin. 
Conference—W. C. WINDER, 
Univ. of Wisconsin, chairman; H. T. Scort, 
Wisconsin Food Standards Advisory Com- 
mittee, Madison; A. J. NIELSEN, Western Con- 
densing Company, Appleton, Wis.; P. A. 
GyGax, International Business Machines Corp., 
Madison; W. H. Knicgutiy, Atlas Powder Co., 
Wilmington, Del. 

Cheese Conference—W. V. Price, Univ. of 
Wisconsin, chairman; J. B. Stine, Kraft Foods 
Company, Chicago; H. E. WALTER, Eastern 
Utilization Research and Development Division, 
USDA, Washington; Henry Leper, Dairy- 
men’s League Cooperative, Syracuse, N. Y.; 
Dave Nussaum, L. D. Schreiber & Co., Green 
Bay, Wis.; JoserpH SartorI, S & R Cheese Co., 
Plymouth, Wis.; Z. D- Rounpy, Armour & 
Company, Chicago. 

At the evening banquet of the Wisconsin 
Dairy Technology Society, C. K. Jouns of 
Ottawa, Canada, spoke on the topic, “As I 
Saw Dairying in Europe.” 
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RE-CIRCULATION CLEANING 







SAVES LABOR 


SAVES DETERGENTS 


SAVES WATER 
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mit lempe 


EQUIPMENT 





KLENZADE O-R SYSTEM IS SPECIALLY 
DESIGNED FOR AUTOMATED OR C-I-P CLEANING ’ 
of Storage Tanks, Vats, Evaporators, HTST 
Pasteurizers, and Tubular Heaters 





Ack ledged throughout America as the most unique and 
efficient cleaning method ever devised for high tempera- 
ture equipment, the Kienzade O-R System is now protected 
by a process patent. This patent is also your protection. 
It guarantees to you the finest cleaning system and deter- 
gents available. It protects you against imitators and 


costly experiments and it protects your equipment 


Ask your Klenzade representative. 
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¥%& Insist on Having This Klenzade Patented System 


KLENZADE PRODUCTS, we. 


All Over America 
WISCONSIN 
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HELP PROTECT 
ICE CREAM PRODUCTS 
AGAINST HEAT SHOCK 


Ice creams, sherbets and 
novelties need added protection 
against heat shock. FropEx 
makes higher freezing 
temperatures possible, thus 
reducing melt-down problems. 


FRODEx also stabilizes ice crystals 


oo lg and produces a smoother 
— ae texture. The pro-sugars in 

- pth FROpEX enhance the 
= peg true flavors of dairy ingredients. 
al ~_ In addition, there are definite 

_. ~~ economic advantages in the use of 


FRODEX in modern ice cream 
manufacture. Write to our 
Technical Service Department 
for further details. Free 
samples of FRODEX are yours on 
request without obligation. 


S 





ATLANTA * BOSTON + BROOKLYN * BUFFALO * CHICAGO AMERICAN MAIZE- 


DENVER * FORT WORTH * GRAND RAPIDS * LOS ANGELES 


MEMPHIS * PHILADELPHIA + PITTSBURGH * PORTLAND PRODUCTS COMPANY 


ST.LOVIS * ST.PAUL * SAN FRANCISCO + SEATTLE 





250 PARK AVENUE «© NEW YORK 17.N Y 
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Stewart Promoted by Merck & Co. 


W. I. Srewart has been appointed animal 
health sales representative for Merck & Co., 
Ine., in the mid-Atlantic area covering New 
Jersey, eastern Pennsylvania, Delaware, Mary- 
land, and Virginia. 

Mr. Stewart has been with Merck since 1957, 
and operated in the southern area as animal 
health representative. Before joining Merck, 
he attended Louisiana State Univ., Baton 
Rouge, where he received his B.S. and M.S. 
degrees in agriculture. 


Milk Industry Foundation News 


Fourteen milk company sales officials were 
graduated from the 65th session of the sales 
training institute of the Milk Industry Founda- 
tion. 

Officials received 


who their diplomas are 


H. A. Apxins, The Borden Co., Huntington, 
W. Va.; C. A. ALLEN, Kalmia Dairy Co., 
Henderson, N. C.; W. J. BuancHarp, Gen. Ice 


Cream Sealtest, Schenectady, N. Y.; C. R. 


| 


BLACK, Sealtest So. Dairies, Wilmington, N. C.; | 


R. Gitmour, Elmhurst Dairy, Montreal, Can- 
ada; F. R. Heap, Himes Bros. Dairy, Dayton, 
O.; R. E. Henstey, Foremost Tastemark, 
Springfield, Mo.; W. J. Hout, Diamond Milk 


Prod., Columbus, O.; THomas HAL, Baltimore | 


Dairy Farms, Wadesboro, N. C.; H. L. PENLEY, 
Biltmore Dairy Farms, Inman, S. C.; D. J. 


Ricustong, Isaly Dairy Co., Youngstown, 0O.; | 


D. V. ScuarerFer, The Borden Dairy, Mil- 
waukee, Wis.; W. J. O’DONNELL, Royal Dairy, 
Guelph, Ont., Canada; and N. L. KauFrMan, 
St. Lawrence Dairy, Reading, Pa. 


Five sessions of the sales training institute | 


for the first half of 1959 have been scheduled | 


for the periods Jan. 12-23, Feb. 9-20, March 
9-20, May 11-22, and June 8-19. 

This two-week basic course is designed for 
retail and wholesale sales executives and super- 
visors. 


principles and techniques of supervision; field- 
tested sales techniques for use by the milk 
route salesman, and sound methods of 
management. 
ington, D. C. 


Univ. of Arizona News 


The new Dairy Research Center was dedi- 
eated in October at the Univ. of Arizona, Tuc- 


son, Dr. R. A. Harviiu, President, presiding. 
The new center, which consists of eight 


buildings, provides a modern plant for teach- 
ing, demonstration, and research in nutrition, 
breeding and management of dairy cattle. 

The unique layout is designed to accom- 
modate a herd of 150 milking cows plus calves 
and replacements. The center is well-adapted 
to the climate as well as to the large-scale 
dairying characteristic of Arizona. 


The curriculum includes instruction in | 
sales training principles and methods; basic | 


sales | 
Sessions are to be held in Wash- | 
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IN THE 
DAIRY FIELD 


IODINE 
SANITIZERS 


OFFER ALL THESE 
ADVANTAGES 





A LONG RECORD OF DEPENDABILITY. 
lodine is recognized as a most efficient 
antiseptic and germicide. It is known to be 
effective against a wide range of organ- 
isms. New technology has now resulted in 
more efficient iodine formulations devel- 
oped especially for sanitization. 


EASY TO USE. lodine sanitizers are for- 
mulated especially for treatment of dairy 
utensils and equipment. Leading manufac- 
turers offer iodine sanitizers and detergent- 
sanitizers as liquids, powders or tablets. 


EFFECTIVE. lodine sanitizers are effective , 
in low concentrations . . . economical, too. 
They can help you supply better milk. 


EASY TO TEST. The well-known iodine color 
is an indication of solution strength. When 
the color of an iodine sanitizing solution 
begins to disappear, that is a signal to 
replenish or replace the solution. Test kits 
are available. 


Write us for further information and names of 
manufacturers offering iodine sanitizers in your 
area. No obligation, of course. 


CHILEAN IODINE 
EDUCATIONAL BUREAU, 
INC. 


Room 2156, 120 Broadway 
New York 5, N.Y. 
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Provides a complete picture of i 


DAIRY CATTLE 
JUDGING AND SELECTION 


By WILLIAM W. YAPP 
Professor Emeritus, University of Illinois 


Here is a book which approaches the subject from a functional viewpoint, 
offering a broad and inclusive treatment of the physical characteristics of dairy 
cattle. Special emphasis is given to the functional relationship between dairy 
form and milk vield. 

Throughout the work, the author recognizes and uses scientific findings that 
are relevant to a particular judging problem. He distinguishes between herd 
selection for better herd development and accepted show ring standards. 

The more glamorous aspects of purebred dairy cattle production are also 
recognized, including herd classification, Junior projects, and fitting and exhibit- 
ing dairy cattle. Here again, the bond between science and practice, the physical 
and functional, is preserved. 


CONTENTS: 


The Basic Concept of Funetional Dairy Cattle Judging. Qualities that 
Characterize a Good Judge and the Techniques Required in Judging. Type and 
Yield are Compatible Co-Partners. The Effect of Lactation and Other Influences 
on Dairy Form. Bone Structure and Parts Identification in the Cow. Growth 
Norms in Dairy Cows and Bulls. Establishing Standards of Excellence of Con- 
formation in the Dairy Cow. Comparative Judging Should be Made a Teaching 
Forum. The Basie Qualities of a Good Dairy Cow. Body Development and Feed 
Intake Capacity. The Mammary System; Interplay of Function and Form. 
Head, Neck, Shoulders, and Chine, Feet and Legs. Evaluating the Significance 
of Defects. The Physical and Morphological Characteristics of the Ayrshire 
Breed. The Physical and Morphological Characteristics of the Brown Swiss 
Breed. The Physical and Morphological Characteristics of the Guernsey Breed. 
The Physical and Morphological Characteristics of the Holstein-Friesian Breed. 
The Physical and Morphological Characteristics of the Jersey Breed. The Physi- 
cal and Morphological Characteristics of Dual-Purpose Cattle and the Minor 
Dairy Breeds. Forecasting Type and Production of Prediction Judging. Evalu- 
ating and Judging the Dairy Heifer. Judging and Selecting Dairy Bulls. The 
Show Ring and Judging Technique. Herd Classification for Type. Selecting 
the Club Project Calf or Animal. Selecting Animals and Preparing Them for 
Shows and Sales. Creative Judging and Meeting Problem Situations. Escaping 
Mediocrity and Standardization. 


1959. 324 pages. Prob. $5.95. 


Send today for your examination copy. 


JOHN WILEY AND SONS, Inc. 


440 Fourth Avenue, New York 16, New York 
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Members of the Dept. Dairy Science at 
Arizona are V. R. Smirn, head of the depart- 
ment; R. N. Davis, dairy scientist; J. W. 
StuLL, professor; J. W. Pov, professor and 
head of the agricultural experiment station; 
R. G. Fossnanp; W. R. Van Sant; G. H. 
Storr, and R. H. Taytor. 


Completed Theses 

Ph.D. Degree 

W. D. Scuvuirze—-An investigation of psychro- 
philie bacteria. I. The nature and distribu- 
tion of psychrophilic bacteria in commer- 
cially pasteurized dairy products. II. 
Studies of the influence of growth and re- 
action temperature on the metabolism of a 
typical psyehrophile. Univ. of Minnesota, 
St. Paul. 

A. H. Myur—tThe effect of environment fac- 
tors on the thermal resistance of micro- 
cocci and associated organisms in milk. 
Univ. of Minnesota, St. Paul. 


40 U.S. Technical Papers Submitted 
for Int. Dairy Congress 
Forty different technical papers have been 
submitted by dairy workers in U. S. state 
and federal experiment stations for the 15th 
International Dairy Congress to be held in 
London, England, June 29-July 3, 1959. 
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One or more papers from the United States 
will be included in each of the 18 subjects of 
the program. The papers—with summaries in 
English, French, and German will appear in 
the bound volumes of the proceedings of the 
Congress. 

Copies of the proceedings may be purchased 
from the Seeretary, 15th International Dairy 
Congress, 86 Brook St., London, W. 1., Eng- 
land. 


Univ. of Georgia News 


A new program of study in Sanitary Science 
has been approved for the Dairy Dept. at the 
Univ. of Georgia, Athens, according to H. B. 
HENDERSON, head of the department. 

This program has been developed in response 
to the need for special training on the part 
of young men who plan to enter the field of 
public health. Public health agencies have 
always looked to dairy departments for many 
of their people, but with the wide variety of 
duties assigned these people, it was deemed 
advisable to establish a program specifically 
designed to train students for this kind of 
work. 

Since after 1965 all sanitarians who register 
in the state of Georgia must have a college 
degree with a minimum of 40 quarter hours 
in the natural sciences, this new program 
has been designed to meet that requirement. 





FOR TECHNICAL HELP... 
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cll the man from Cp lumenthl 


+. In addition to supplying you with high quality 

chocolate flavorings and coatings for your ice 

cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 
by you. 





BLUMENTHAL BROS. CHOCOLATE CoO. 
MARGARET AND JAMES STS., PHILADELPHI*. 37, PA. 














JOURNAL OF 


TEAMWORK 


Foods selected from four food groups, by supple- 
menting each other, can provide all of the energy 
and essential nutrients needed by adults and chil- 
dren for health . .. maintenance... and growth. 
In A Guide to Good Eating, our common foods 
have been placed in four separate groups. Each 
group makes special contributions. These mini- 
mum servings provide the average adult about 
these amounts of the Allowances for essential 
nutrients ... 
from milk or its equivalent in dairy foods ...?/% 
the calcium... Yy the riboflavin . . . YW the protein 
.. and \/5 the vitamin A... 
from the meat group . . . when some eggs and glan- 
dular meats are chosen .. . Y3 the protein and iron 
...\4 the niacin...and Y the thiamine, ribo- 
flavin and vitamin A... 
from vegetables and fruits ... all the vitaminC ... 
34 the vitamin A value... Y% the iron...and 
1/5 the thiamine... 
from enriched or whole grain breads and cereals 
... 4 the thiamine . . . and |/s5 the niacin and iron. 
Each group provides significant amounts of 
other nutrients. Milk and dairy foods provide 


some of all nutrients known to be essential to 
man. Breads and cereals supplement the protein, 
B vitamins and minerals of milk, meat, vegetables 
and fruits. 

Eaten in minimum amounts suggested, these 
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“3 
# A GUIDE TO GOOD EATING — USE DAILY 
4 DAIRY FOODS 
* 8to 4 glasses milk—children » 4 or more ¢ 
teenagers e 2 or more glass adults e Chee 
Es cream and other milx-made foods can supply part of 
i the milk 
: MEAT GROUP 
— 2 or more ings e Meats, fish, poultry, eggs, or 
‘ cheese—v dry beans, peas, nuts @s alternates 
VEGETABLES AND FRUITS 
4 or more servings e Inciude dark green or yellow 
vegetables; citrus fruit or tomatoes 
BREADS AND CEREALS ; 
4 or more servings e Enriched or whole-grain added 
milk improves nutritional values : 
i j 





foods form the basis of an adequate diet. Addi- 
tional amounts of these or other foods are usually 
needed. Sugars, syrups, fats and oils used in food 
preparation provide mainly energy. 

When combined in well-prepared meals, foods 
selected from each of these four food groups can 
satisfy the tastes, appetites and nutrient needs of 
all members of the family .. . young and old. 

The nutritional statements made in this adver- 
tisement have been reviewed by the Council on 
Foods and Nutrition of the American Medical 


Association and found consistent with current 
authoritative medical opinion. 


Since 1915... promoting better health 
through nutrition research and education. 


NATIONAL DAIRY COUNCIL 
A non-profit organization 
111 N. Canal Street + Chicago 6, IIl. 
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This program will also meet the recommen- 
dations of the educational and _ professional 
committee of the International Association 


ot Milk and Food Sanitarians as adopted at 
its 1958 meeting. 

The new program at Georgia will become 
effective in the 1959-60 school year. 


A Southeastern Conference on Better Foods 
for Better Nutrition has been scheduled at the 
Univ. of Georgia for Mareh 4-6, 1959. 

Professional workers in foods and nutri- 
tion will review recent developments and study 
trends in consumer buying patterns. 

Sponsors ot the conference are the univer- 
sity’s College of Agriculture, School of Home 
Economies, and the Center for Continuing 
Mducation. 

Sessions are expected to be of value espe- 
cially to college and high school home economies 
teachers, food processing technology experts, 
home demonstration extension specialists, pub- 
lic health workers, and school lunchroom super- 
visors. About 200 delegates are expected to 
attend. 


Dairy Products Contest Results 


The Regional Dairy Products Contest, spon- 
sored jointly by the International Dairy Show 
and the Dairy Technology Society of Chicago, 
was held in QCectober in Chicago, with the fol- 
lowing results: 

Butter—South Dakota State College, first; 
R. J. Baker, coach; Jozk Scnucnu, WAYNE 
PeTeRSON, and Ross WAGNER, team members. 

Milk—Univ. of Illinois, first; JosEpH Tostas, 
coach; JOSEPH OHREN, GEORGE Muck, and 
EpwWArD LAWTON, team members. 

Cheese—Univ. of Wiseonsin; M. P. DEAN, 
coach; Karu Kiuc, Henry Savuson, and Davip 
HlopGson, team members. 

Ice cream—Michigan, first; J. M. JENSEN, 
coach; Max GONGENBACK, DAVID SIEGMUND, 
and GrorGE HAWKINS, team members. 

All products—Univ. of Illinois, first. 


Superintendent of the contest was N. E. Fa- 
BRicIuS, Flambeau Valley Farms Cooperative, 
Ladysmith, Wis. Judges were Bert ALDRICH, 
H. C. Christians Co., Chicago, for butter; E. J. 
Byers, Bowman Dairy Co., Chicago, for milk; 
W. J. Corserr, Dean Milk Co., Rockford, LL., 
for ice cream; and Harry Sarrorias, Carriage 
Cheese Co., Elmhurst, Ill., for cheese. 


Connecticut News 


The Univ. of Connecticut held its Dairy 
Manufacturing Career Day in November at 
Storrs. Dairy industry personnel recruited and 
transported the 80 students who attended from 
schools throughout the state. 

Industry representatives appearing on the 
program included C. R. Brock, president .of 
srock-Hall Dairy Company, New Haven; 
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J. SEREMET, manager of producer relations 
and marketing for the Connecticut Milk Pro- 
ducers’ Association, Hartford; O. P. Snow, 
sales representative, Sealright Company, Ine., 
Wallingford; R. M. Parry, chief of the dairy 
division, State Dept. of Agriculture, Hartford; 
and K. A. PerreGaux, director of Connecticut 
Milk for Health, Hartford. 


Florida News 

The 21st annual Dairy Produets Conference 
attracted more than 100 persons from Florida 
and surrounding states during the three-day 
October meeting. 

The conference was sponsored jointly by the 
Dept. of Dairy Science, Univ. of Florida, 
Gainesville, and the Florida Dairy Produets 
Association, 

Major speakers were H. J. BAssert, teehni- 
cal director of the dairy and special products 
division of the E. F. Drew Company, Boonton, 
N. J.; R. L. Luoyp, manager of the sales serv- 
ice department, American Maize-Produets Com- 
pany, New York; R. B. Maxey, manager of 
technical sales, Diversey Corporation, Chicago; 
R. L. WALKER, president of Walker Stainless 
Equipment Company, New Lisbon, Wis. 

Local speakers ineluded L. Z. Szaso, Winn- 
Dixie Supermarkets, Jacksonville; W. O. Wes- 
STER, breyer Ice Cream Company, Plant City; 
and H. B. Youne, T. W. SparKs, and W. A. 
KXRIENKE, all of the Univ. of Florida. 








Speeding the application of nutritional 
research in practical dairy rations .. . 


RECENT ACHIEVEMENTS: 


Simplified feeding of replacement calves 
High energy milking rations 


Improved veal calf program 


BEACON FEEDS 


THE BEACON MILLING COMPANY 


Research and Administrative Headquarters 


CAYUGA, N.Y. 
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Co-chairmen of the conference were E. L. 
Fouts, head of the Dept. of Dairy Science at 
Florida, and Emmitt Dozirr, Jr., Velda Dairies, 
Ine., Jacksonville, representing the Florida 
Dairy Products Association, 


Purdue News 


Purdue Univ., Lafayette, Ind., has announced 
the establishment of the Population Genetics 
Institute to coordinate an expanding research 
program in population genetics. 

The major objective of the Institute will be 
to investigate the effects of various types of 
gene action on response to selection under vari- 
ous mating systems and varying environmental 
conditions. 

In addition to theoretical studies, problems 
will be investigated experimentally with labo- 
ratory organisms such as Drosophila, Tribolium, 
and mice. This work is currently being con- 
ducted in the Depts. of Dairy and Poultry Sci- 
ence,.the Purdue Statistical and Computing 
Laboratory, the North Central States Regional 
Poultry Breeding Laboratory, and the Pioneer- 
ing Research Laboratory for Animal Geneties, 
ARS, USDA. 

Facilities for the Institute in Purdue’s new 
Life Science Building will include offices, fully 
equipped laboratories, and three specially de- 
signed controlled-environment chambers. The 
facilities of the statistical and computing labo- 
ratory, including digital computer, will be used 





Why the DES MOINES 
COOPERATIVE DAIRY went 


f-QUALITY 
/ 


amen 
YOU CAN TRUS! 


LO-TEMP 
FOR 


DRY MILK 


No boiler 
required. 
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for expanding the theoretical or mathematical 
approach to problems of population genetics. 

A. E. BELL, professor of poultry science, was 
named chairman of the Institute. Other Purdue 
staff members named to the Institute include 
V. L. Anperson, B. B. Bonren, S. C. Kiva, 
W. H. Kye, J. H. Martin, T. G. Martin, and 
H. E. McKean. 


Arizona State News 


The Kighth Annual Dairymen’s Conference 
was held at Arizona State Univ., Tempe, Jan. 
23. 

Speakers on the program were W. J. TyLer, 
Univ. of Wisconsin; J. W. Pov, V. R. Sura, 
R. G. Fossuanp, and G. H. Storr, all of the 
Univ. of Arizona. The program was under the 
direction of E. G. Moopy. 


Michigan State News 


G. M. Trout, professor of dairying, spent 
part of November in the Southwest where he 
made eight talks on current dairy topics. 

He spoke at Texas Technological College, 
Lubbock, at the Dairy Manufacturers Confer- 
ence; Oklahoma State Univ., Stillwater, at the 
Dairy Products Conference and the Oklahoma 
Dairy Technology Society; and at the Dallas- 
Fort Worth, Texas, Dairy Technology Society. 

EArt WEAVER, who has spent the last three 
and a half years as dairy representative in 
charge of dairy activities in Colombia, South 
America, will leave his headquarters at Medel- 
lin the latter part of February to return to 
M.S.U. 

Dr. Weaver resigned as head of the Michigan 
State Univ. Dairy Dept. to go to South 
America. He will return as a member of the 
faculty in early March. 


Arkansas News 

Two important dairy programs were held at 
the Univ. of Arkansas in December. They were 
the Sixth Annual Dairy Study Day and the 
Dairy Fieldmen’s Conference. 

More than 100 people interested in dairy at- 
tended the Dairy Day. The Annual Industry 
Club served turkey at the luncheon. Guest 
speaker was R. E. Burueson, dairy specialist 
for the Extension Service of the USDA. 

The Dairy Day was followed by a meeting of 
the men representing the milk manufacturinz 
companies in the Fayetteville, Ark., area. Prob- 
lems of the m&nufactured milk industry were 
diseussed and future plans were presented. 


California News 


An internationally-known cheese expert was 
the featured speaker at the Dairy Industry Con- 
ference held in late January on the Davis 
campus of the Univ. of California. 
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Main speaker was F. V. Kostkowsk1, Cornell 
Univ., Ithaca, N. Y., who spoke on three sub- 
jects, “The Present Status of the Antibiotic 
Problem,” “Research in Cottage Cheese,” and 
“Mechanization of Cheese Processes.” 

Other prominent speakers on the program— 
sponsored annually by the Dept. of Dairy In- 
dustry—were P. H. Tracy, Univ. of Illinois; 
JoHn Gorman, Univ. of California’s Donner 
Laboratory. 

More than 400 dairy plant superintendents 
and managers, research and technical workers, 
and representatives of allied industries attended 
the three-day event, according to E. L. Jack, 
chairman of the Dairy Industry Dept. at Cali- 
fornia. 


Gundlach Expands Staff 


G. P. Gundlach Company, Cincinnati, has 
announced several additions to its staff. The 
Gundlach organization specializes in technical 
assistance, packaging, and merchandising for 
the dairy industry exclusively. 

New appointments include R. E. JeFFERS, 
new account executive in northern Indiana and 
Michigan; THEODORE MANNON, new account ex- 
ecutive in the Texas and Oklahoma area; Don- 
ALD EK. TickNor, new account executive in the 
New England and eastern New York area; LEN 
GILBERT, new account executive in the Illinois 
and St. Louis area, and D. J. Liston, new ae- 
count executive in Missouri, Kansas, Nebraska, 
Colorado, and Northern Oklahoma. 


Waltz Reelected President of 
National Milk Producers Fed. 


R. S. Wautrz was reelected president of the 
National Milk Producers Federation at the 
final session of the organization’s 42nd annual 
convention in Boston in November. 

Other officers elected were W. E. Winn, Chi- 
cago, first vice president; A. R. MAarvet, 
Easton, Md., second vice president; J. H. 
ReEMSBERG, Middletown, Md., treasurer; W. H. 
Austin, Lake Cormorant, Miss., assistant treas- 
urer; E. M. Norvon, secretary; and P. B. 
HEALY, assistant secretary. 

In some 70 policy resolutions adopted by the 
Federation delegates, the organization’s legis- 
lative and other activities were charted. 

High on the priority list of policy decisions 
was a reaffirming of support of a producer- 
financed and operated stabilization program for 
dairying. This would be in lieu of the present 
government price support programs, but it was 
stressed that the government program is es- 
sential to dairy farmers until such time as an 
effective alternative plan is developed. 

Opposition was expressed to the repeal of 
the Taft-Hartley Act provisions which guaran- 
tee the right of states to enact legislation with 
respect to labor organization activities. 

Another resolution voiced suppozt of the food 


allotment plan, long advocated by Sen. GEORGE 
AIKEN of Vermont, to enable low-income fami- 
lies to build up their diets with health-giving 
foods available in government surpluses. 

Total registration at the meeting was just 
short of 1,100. About 300 women attended the 
special functions arranged in their honor, and 
almost 70 were present for the programs of the 
National Young Cooperators. 


Dairy Council News 


Dairy industry forees have joined the Ameri- 
can Medical Association, the Federal Food and 
Drug Administration, and the National Better 
Business Bureau in an anti-food-faddism cam- 
paign, according to the National Dairy Counceil’s 
publication, Trends. 

A new generation of nutritional quacks— 
some 50,000 strong—who specialize in selling a 
variety of worthless pills and food supplements, 
is the primary target of the campaign. Many 
of these modern “medicine men” assume a 
certain respectability through misleading ad- 
vertising in newspapers, magazines, radio, and 
television, T'rends points out. It is estimated 
that about 10,000,000 Americans are being 
dupped by the faddists. 

As well as a threat to the nation’s health, 
the faddists’ activities are in direct competition 
with the legitimate food industries. 
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SCIENCE 


STUDENT CHAPTFR NEWS 


A Section Devoted to the Activities of Dairy Students 


J. E. Jounston, Editor 


National Student Branch, A.D.S.A. 


The proposed constitution of a National Stu- 
dent Branch of the American Dairy Science 
Association has again been distributed to the 
Student Chapters for their consideration. As 
of November first, 19 of the 40 student chap- 
ters had approved the constitution. As 
as the necessary majority of the chapters has 
approved it, the constitution will be forwarded 
to the Executive Board of the A.D.S.A. for their 
action. If the neeessary approvals can be ob- 
tained in time the National Student Branch will 
be officially organized and will hold its first 
annual convention at the annual meeting of the 
Association to be held at the University of 
Illinois in June, 1959. With this in mind stu- 
dent chapters should be making plans to send 
a delegate to the National Convention. This 
delegate should be a student affiliate member 
but, where this is impossible, the chapter may 
designate a faculty member or alumnus (who 
is a regular member of the A.D.S.A.) as its 
official delegate. 

The formation of a National Student Branch 
will make it possible for student members to 
take a more active part in the activities of the 
association. The interchange of ideas at the 
National Convention and through the Student 
Chapter News Section of the Journal should 
further strengthen the local chapters. 


soon 


Student Chapter News 


If this section is to serve its purpose of act- 
ing as a medium of exchange of news and ideas 
among the student chapters we must have the 
cooperation of each chapter. News articles 
should be sent to your editor (c/o Dairy Dept., 
LSU, Baton Rouge 3, Louisiana) by the 10th 
of the month for inclusion in the section for 
the following month. Several chapters have 
become regular contributors but a number are 
still to be heard from. We can’t print it if you 
con’t send it in. 
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Washington State News 


The State College of Washington dairy fae- 
ulty sponsored the third annual “get acquainted 
smoker” for students on October 7. Dr. Jor 
Knorr headed the program by giving an ac- 
count of his recent visit to dairy establishments 
in South America. He stressed the necessity for 
quality in exports of dairy cattle and follow- 
up with regard to their performance. 


Georgia Chapter News 


The Georgia Student Chapter of the Ameri- 
ean Dairy Science Association is in full opera- 
tion after the summer vacation period. Our year 
began with a chicken barbecue for all students, 
faculty, friends of the department and a guest 
per member. The barbecue was made possible 
by the financial support of a local dairy. The 
weather was not in our favor, a light shower 
fell as we sat down to eat, but the fellowship 
and fun was not dampened by the rain. 
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Our first project of the year was sponsoring 
a booth at the local county fair. The Efficient 
Cow, borrowed from USDA, was exhibited. The 
interest shown in her was amazing. 

The membership of the Dairy Science Club 
is excellent this year. The first meeting was 
held on October 14, 1958, with an interesting 
talk by Mr. Tom Jones of the Wyandotte 
Chemical Company. Mr. Jones’s topic was 
“Selling,” a subject of which he is a master. 

The graduate students in our club this year 
include: Mr. Eugene J. Finnegan of Boston, 
Massachusetts. Mr. Finnegan was recently as- 
sociated with Stein Hall Company, Ine., as 
Manager of Industrial Foods Department, prior 
to this he was with Virginia Polytechnic In- 
stitute as Associate Professor of Dairying. Mr. 
Finnegan is a candidate for the first Ph.D. de- 
gree to be given by the Dairy Department at 
the University of Georgia. Other graduate stu- 
dents include Melvin Hoeflin, James K. Miller 
and H. Keener Welch, Jr. 

Mr. Hoeflin is the recipient of the Southern 
Ice Cream Manufacturers Association $1,000 
Grant-in-Aid. His research will be a_ study 
of the Cenco moisture balance as it applies to 
ice cream manufacturing. Mr. Hoeflin is the 
fourth recipient of this grant who has done his 
work at Georgia. 

Mr. Miller completed the requirements for 
his B.S.A. degree at Berry College. He now 
has an Assistantship in Dairy Nutrition. 

Mr. H. Keener Welch, who is a member of 
the Georgia Agricultural Extension Staff, is 
completing his work for an M.S. degree in 
Climatie Physiology. Mr. Welch has been most 
helpful to the club in many ways and it is our 
pleasure to have him as a fellow student. 

The officers of the Georgia Chapter are: 
President, David Johnson; Vice-President, Joe 
Rheney; Secretary, Bob Haley; Treasurer, 
Sammy Boone; and Publicity Chairman, James 
Carlton. 

Faculty advisors are: Dr. O. T. Fosgate and 


R. E. Roberts. 


Ohio State University 

Dairy Tech Club News 
The first meeting of the O.S.U. Dairy Tech 
Club for the 1958-59 school year was held Oc- 
tober 9. Highlights of the meeting included an 


official-welcome to the 24 new freshmen students | 


by the president of the club, Paul Culler. Paul 
explained to the students the functions of the 
club and indicated the advantages of belonging 
to the club. New committees were appointed 
for the year and plans were made for activi- 
ties of the near future such as the Bean Feed, 
Christmas cheese sales, and scrapbook. 
Officers for 1958-59 school year are President, 
Paul Culler, Jr.; Vice President, Roger Shelt, 
Sr.; Seeretary, Paul MecClish, Jr.; Treasurer, 
Ronald Klausing, Soph.; Representative to the 
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All-Ag Council, Paul Culler. The committees 
and their chairmen are: Christmas cheese sales, 
George Jaschek, Soph.; Cheesepress (the club 
newspaper), Raymond Hinkel, Soph.; Public 
Relations, Roger Wolf, Soph.; Serapbook, 
Robert Riber, Jr.; Program, Henry Williams, 
Jr.; Athletic, Phil Linne, Freshman. 

The annual Bean Feed and Exploratory Meet- 
ing was held on October 16 for the purpose 
of acquainting the new students with the Dairy 
staff and the facilities of the De- 
partment of Dairy Technology. The get- 
together started with a football game between 
the freshmen and the upper-classmen, with the 
freshmen winning it. After the game, every- 
one helped themselves to baked beans and hot 


dogs. 


Technology 


At the Exploratory Meeting, Dr. I. A. Gould, 
Chairman of the Department of Dairy Teeh- 
nology, welcomed the new students and spoke 
briefly on the opportunities in the Dairy Teeh- 
nology field. Next followed a film entitled “A 
Visit to Dairyland” and a student panel cis- 
cussion of “Dairy Technology.” The panel 
members and their topies of discussion included : 
Ed Kysilka, ‘What Is Dairy Techaology’; Rob- 
ert Riber, ‘The Dairy Technology Curriculum’; 
Richard Githens, ‘Job Opporcunities’; Ronald 
Walters, ‘Student Activities’; Paul Culler acted 
as moderator. After the discussion, refresh- 
ments were served and tours were conducted 
through the Dairy Plant. The aff>ir was spon- 
sored jointly by the Dairy Tech Club and the 
Department of Dairy Technology. 
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VARIATIONS IN THE GROSS COMPOSITION OF MiitK AS RELATSD 
TO THE BR&ED OF THE COW A REVIEW AND CRITICAL 
FVALUATION OF LiITERA'’SUPE OF THE 
UNITED STATES AND CANADA! 


T. V. ARMSTRONG 


Dep: rimeut of Dairy Teetinology, The Ohio State University, Columbus 


Research workers and dairy cattle breeders currently are giving more atten- 
tion to milk composition tnan fer some vears in the past and, consequently, are 
in need of ar adeguate survey of the previous work, in order to have a sound basis 
for future planning. Therefore, a comprehensive review of literature on ‘he com- 
position of milk appears especially appropriate at this time. 

Data which servee as the basis for many commonly used references te previous 
work on milk composition seem to have become somewhat >bsvured with the pass- 
ing of the years. Therefore, one can ot be certain as to the scope, completeness, 
or reliability of those stucies in terms of present-day needs. Indefiniteness of in- 
formation has led to lack of agreeme.it among workers and authors who are citing 
these references. !xamples of such misinterpretations appear in three instances 
(39, 41,49) in which different compositio.:s are reported for the same ureed of 
cows, although all three references cite the same investigation (32) as the source 
of data. 

There is interest, also, in determining whether or not the average composition 
of milk has undergone any definite trend over the vears. In England, Bartlett 
and Kay (15) state that since 1920, the average solids-not-fat in that nation’s 
milk has fallen from 8.90 to 8.65%. This tendency previously had ween observed 
by Davis (5), in 1952. In contrast to this trend, Janse, 1950 (24) reported that 
Friesian milk in the Netherlands showed an increase of 0.38% in solids-not-fat 
between the years 1928 and 1948. 

Since there are many factors which are recognized as affecting milk compo- 
sition, it becomes necessary to define the scope of any review which may be made. 
The review herewith presented includes only the data in the literature which 
purport to represent the ‘‘average composition of normal milk.’’ No attempt was 
made to review the voluminous literature which deals with other factors such as 
environment, breeding, feeding, and management, that may cause the composition 
to vary. 

As one studies the literature on milk composition for the period 1900 through 
1957, one is handicapped in attempting to analyze and integrate the data because 
of the following limiting factors: 

A. Lack of detailed information: In some studies, the data which involve one 

or more complete lactation periods are presented as weighted individual 


Received for publication August 22, 1958. 
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cow averages, without indication of the number of cows involved. This 
encumbers the determination of the true weighted averages. In other 
studies, the milk composition data are for periods of less than one lacta- 
tion and/or are unaccompanied by the necessary production data to permit 
the determination of average composition for a complete lactation period. 

B. Testing methods vary: Certain results are from actual research presum- 
ably conducted under controlled conditions, whereas others represent data 
gathered from testing association records. In the latter case, the accuracy 
of results would depend upon the degree and the uniformity of carefulness 
exercised in the field, to insure a truly representative sample and test. 

C. The type of sample varies in the studies: Some data are from preserved 
composite samples and other from individual fresh samples. 

D. Variations in analytical procedures are numerous: For example, fat was 
determined by paper coil, ether extraction (Roese-Gottlieb or Mojonnier), 
and Babeock methods; solids by the gravimetric (drying and weighing) 
and hydrometry (lactometer) methods; lactose by the polarimetric or 
gravimetric methods, or were obtained by difference (per cent of all other 
constituents subtracted from 100%) ; protein by Kjeldahl (nitrogen de- 
termination) or formol titration methods. Solids-not-fat usually repre- 
sented the difference of the fat from the total solids but, in one case, the 
solids-not-fat reported was from different milks than those used for the 
fat results. 

In this review, an effort has been made to distinguish between the studies 


and the results on the basis of these variables. 


JERSEY BREED 

The summary of milk compositional data for the Jersey breed for 1900 to 
1957, inclusive, is presented in Table 1. For convenience, the data are distributed 
into five groups: (a) weighted individual cow records covering one or more 
lactations (1900-1925) ; (b) mixed milk or herd milk samples covering periods 
of one or more years (1900-1925) ; (¢) weighted individual cow records, covering 
one or more lactations (1926-1957) ; (d) mixed milk or herd milk samples covering 
periods of one or more years (1926-1957), and (e) isolated samples or unweighted 
data (1900-1957). 

The 1900-1925 time interval (Section A) includes the results of four studies 
(9, 17, 50,52) in which ‘ndividual cow samples were examined over at least one 
lactation period, and cae study (Section B) (44) in which herd samples were 
examined for a period of 5 yr. The results for 126 individual cow records were 
5.08% fat and 9.08% solids-not-fat. The results of 60 preserved composite herd 
samples were 5.42% fat and 9.22% solids-not-fat. The pronounced higher fat 
and solids-not-fat of the herd milk over that of the individual cow samples is a 
relationship that is contrary to the majority of similar comparisons encountered 


through this review. The protein and lactose levels reported in these studies were 
3.64 and 4.87%, respectively, for the individual cow samples, as compared to 
3.66% protein and 4.87% lactose for the herd samples. This latter comparison 
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THE COMPOSITION OF MILK K 


is of minor significance, in that only three cows are represented in the individual 
cow samples, compared to the 600 cows in the herd samples. The fat and solids- 
not-fat data reported in this group of studies were determined by the paper 
coil method or were calculated from Babcock tests and lactometer readings. 
The 1926 to 1957 interval (Section ¢ 


32, 38, 48, 46) based on individual cow records of at least one complete lactation, 


1 


) includes nine studies (3, 6, 16, 18, 25, 


and seven studies (4, 7, 12, 18, 22, 30,35) based on herd samples, covering at 
least one year (Section D). The average fat and solids-not-fat for 343 cows were 
5.51 and 9.49%, respectively, as compared with 5.14 and 9.34% for 1,468 herd 
samples (Section D). This indicates the average individual cow samples to have 
been 0.37% higher in fat and 0.15% Iigher in solids-not-fat than the herd 
samples. 

The average protein for 86 individual cow samples was 3.87% and that of 
332 herd samples, 3.74%. Two protein studies (16,46), which involved the use 
of the formol titration method, are excluded from the averages because the 
results of 3.99 and 4.22% are higher than those reported in other studies where 
the Kjeldahl method was used. 

The average lactose percentage reported for the individual cows was 4.86, 
as compared with an average of 4.75 for the herd samples. 

In the foregoing comparisons for the 1926-1957 period, it is noted that the 
levels of fat, solids-not-fat, protein, and lactose for the individual cow samples 
are slightly higher than the corresponding values for the herd samples. It was 
also observed that the data based on herd samples are taken from geographical 
areas which include states from the Atlantic Seaboard, the West, and Canada, 
to the exclusion of samples from the mid-central states. 

Eleven of the studies of Jersey milk are included in Section E, Miscellaneous 
Investigations. Due to certain peculiarities, these data do not appear to be 
homogeneous with those of the preceding tables and are not applicable to a 
simple uniform mathematical treatment. Certain of the studies (2, 8, 23, 37) 
are averages of tests only, and are not weighted per production of milk. One 
study (47) involved a fat average and a solids-not-fat average, derived from 
different sources of milk. However, the average fat percentage of 5.35 in this 
instance has significant value, in that it represents the testing association record 
of 17,500 Jersey cows. This fat average compares closely with the 5.30% re- 
ported in 1956 (26) for the D.H.L.A. records of 11,197 cows. One study (35) 
was conducted on samples of evening milkings almost exclusively. The remain- 
der of the investigations (10, 20, 28, 29,40) was conducted on a few random 
samples. 

A comparison of the average composition of individual cow samples for the 
1926-1957 time interval, with that of the 1900-1925 interval, shows the follow- 
ing relations: fat higher by 0.43% ; solids-not-fat higher by 0.41%; protein 
higher by 0.23%, and lactose lower by 0.01%. 

A similar comparison of the average composition per herd samples for the same 
two intervals shows the following relations: fat lower by 0.28% ; solids-not-fat 
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higher by 0.12% ; protein higher by 0.08% ; lactose lower by 0.12%, and ash 
lower by 0.01%. 

A comparison of the 13 average lactose percentages reported for the i900- 
1957 interval shows 80% of the polarimetric results to be above 4.86% ; whereas, 
all of the results by the gravimetric method are below 4.86%. The ‘‘lactose by 
difference’’ reported in two studies compares closely with the results reported 


by the polarimetric method. 


GUERNSEY BREED 


The summary of milk compositional data for the Guernsey breed, 1960 to 
1957 inciusive, is presented in Table 2. The 1900-1925 interval (Section A) in- 
cludes the results of three studies (50, 52,53) in which individual cow samples 
were examined over at least one lactation period. The results for 174 cows were 
$.94% fat and 9.06% solids-not-fat. The following average percentages: protein 
3.45%, lactose 4.83%, and ash 0.79%, were reported for two cows only. No 
comparable study of milk composition for herd samples was found for this time 
interval. 

The 1926-1957 interval includes six studies (3, 6, 27, 32. 38,51) based on 
individual cow records of at least one complete lactation (Section C) and four 
studies (7, 22, 30,36) based on herd samples covering at least one vear (See- 
tion D). The average fat and solids-not-fat for 128 cows was 4.99% and 9.82% , 
as compared with 4.90% and 9.25% for 1,152 herd samples. This indicates 
higher results by 0.09% fat and 0.07% solids-not-fat in the composition of i:di- 
vidual cows’ samples over the herd samples. 

The average protein and lactose for 27 individual cows was 3.80 and 4.89%, 
as compared to 3.47 and 4.79% for 43 herd samples, thus indicating positive 
differences of 0.33% pretein and 0.10° lactose for the individual cow samples 
over the protein and lactose of the herd samples. 

ight of the studies of Guernsey milk are included in Section E. Certain of 
the studies (2, 8, 23, 28,41) are averages of tests only, and are not weighted ae- 
cording to amount of milk produced. One study (47) involved a fat average and 
a solids-not-fat average, derived from different sources of milk. The average 
fat percentage of 4.99 reported in this study is important, as it represents the 
testing association records of 13,657 cows. The fat average for 17,981 D.H.LA. 
artificially sired daughters reported in 1956 (26) was 4.8%. One specialized 


study (40) was conducted on a few random samples. 


HOLSTEIN BREED 

The summary of milk compositional data for the Holstein breed for 1900 to 
1957, inclusive, is presented in Table 3. The 1900-1925 interval includes the 
results of six studies (9, 14, 17, 50, 52, 53) in which individual cow samples were 
obtained over at least one lactation period (Section A). The results for 590 cows 
were 3.41% fat and 8.56% solids-not-fat. The average percentages of protein 


and lactose for 73 cows were 3.17 and 4.52, respectively. The per cent ash for 
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70 cows was 0.75. One study (29) reported the average analysis of five herd 
samples (Section B) as: fat 3.53%, solids-not-fat 8.45%, protein 3.00%, lae- 
tose 4.70%, and ash 0.74%. 

The 1926-1957 interval includes ten studies (1,3, 6, 16, 18, 25, 27, 32, 38, 48) 
based on individual cows’ records (Section C), of at least one complete lactation, 
and seven studies (4, 7, 12, 13, 22, 30,36) based on herd samples (Section D), 
covering at least 1 yr. The average fat and solids-not-fat for 422 individual 
cows was 3.49 and 8.61%, respectively, as compared to 3.50 and 8.53% for 
3,725 herd samples. The average protein for 145 individual cow samples was 
3.10% as compared to 3.08% for 337 herd samples. The average lactose for 48 
individual cows was 4.92 in comparison with 4.62 for 337 herd samples. The 
average ash percentage of 0.71 was the same for both types of samples. These 
comparisons show the composition of the individual cow samples to deviate from 
the herd samples as follows: fat, —0.01% ; solids-not-fat, +0.08% ; protein, 
+0.02% ; lactose, +0.30%, and ash, +0.00%. In all components except fat and 
ash, the individual cow samples were slightly higher than similar components in 
the herd samples. As was observed with the data of other breeds, a representa- 
tion of samples from the mid-central states was lacking among the herd studies. 

A comparison of the average composition of individual cow samples for the 
1926-1957 interval, with that of the 1900-1925 interval, shows the following rela- 
tions: fat higher by 0.08%, solids-not-fat higher by 0.05%, protein lower by 
0.07%, lactose higher by 0.40%, ash lower by 0.04%. 

Twelve of the studies of Holstein milk are included in the section under Mis- 
celianeous Investigations (Section E). Ten of these studies (2, 8, 10, 11, 20, 23, 
28, 37, 40,42) presented results which apparently were not weighted per total 
production. One of the studies (47) includes a fat average and a solids-not-fat 
average from different sources of milk. The average fat percentage of 3.40% 
here reported represents the testing association records of 21,110 Holstein cows 
for the year 1924, and checks very closely with the 3.41% average fat reported 
for six studies of individual cows covering the same period. A later study (26) 
vives an average fat of 3.7% for the 1956 testing association records of 76,634 
artificially sired daughters. 

AYRSHIRE BREED 


The summary of milk composition data for the Ayrshire breed for 1900 to 
1957, inclusive, is presented in Table 4. The individual cow records cover 
at least one lactation, and the herd records are average tests covering periods 
of one or more years. 

The 1900-1925 interval (Section A) includes results of two studies (9,50). 
The results from nine cows of this group were 4.02% fat and 8.80% solids-not- 
fat. The reported protein and lactose from two of the cows were 3.25 and 4.90%, 
respectively. No data on the composition of herd samples were found for this 
period. 

During the 1926-1957 interval, one study of individual cow records (See- 
tion C) (33) and two studies of herd milk samples (Section D) (30,36) were 
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THE COMPOSITION OF MILK 13 
reported. The average fat and solids-not-fat for 14 cows was 4.15 and 8.96% 
respectively, as compared with 4.35 and 8.64% for 118 herd samples. The aver- 
age protein, lactose, and ash for the individual cows was 3.58, 4.70, and 0.68%, 
as compared to 3.37, 4.63, and 0.72% for the herd samples. The solids-not-fat, 
protein, and lactose percentages for the individual cow samples are slightly 
higher, and the fat and ash slightly lower, than the corresponding constituents 
of the herd samples. 

A comparison of the average composition of individual cow samples for the 
1926-1957 interval, with that of the 1900-1925 interval, shows the following rela- 
tions: fat higher by 0.13%, solids-not-fat higher by 0.16, protein higher by 
0.33%, and lactose lower by 0.20%. 

Seven of the analytical studies of Ayrshire milk are included in the section 
under Miscellaneous Investigations (Section E). Three of these studies (2, 23, 37) 
presented results which were not weighted for total production. Two investiga- 
tions (28,40) involved only one sample per each cow. Two reports (26, 47) 
included average fat percentages taken from testing association records. In the 
first report (47) the fat average for 4,695 cows was stated as 3.97%. The second, 
more recent, report (26) gives 4.10% as the average fat for 3,748 artificially sired 
daughters. 

BROWN SWISS BREED 


The summary of milk compositional data for the Brown Swiss breed, for 1900 
to 1957 inclusive, is presented in Table 5. 

The individual cow records include data acquired over at least one lactation, 
and the herd records are average tests covering periods of one or more years. 

The 1900-1925 interval (for individual cows) (Section A) includes results 
of one study (17) conducted in connection with a milk production contest. The 
results of five cows of this group were 3.62% fat and 8.87% solids-not-fat. The 
paper coil method for fat was used throughout this study. No herd data were 
found for this period. 

During the 1926-1957 interval, one study of individual cow records (33) and 
two studies of herd milk samples (34, 36) were reported. The average composition 
of the production of 17 cows was 4.02% fat, 9.39% solids-not-fat, 3.61% protein, 
5.05% lactose, and 0.73% ash, as compared to 3.93% fat, 9.08% solids-not-fat, 
3.47% protein, 4.84% lactose, and 0.73% ash for 729 herd samples. With the 
exception of ash, all of the reported constituents for the herd samples are slightly 
lower than those reported for the individual cow samples. The fat and solids- 
not-fat reported before 1925 are also lower than those reported since 1925. No 
data on the protein, lactose, or ash content of Brown Swiss milk appear to be 
available for the period 1900 to 1925. 

Two studies listed under Miscellaneous Investigations gave reports of fat 
averages compiled from testing association records. In the first report (47), the 
fat average for 357 cows was 3.99%. The solids-not-fat percentage is from a 
different and unstated source of milk. The second, more recent, report (26) gives 
4.20% as the average fat for 2,264 artificially sired daughters. 
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THE COMPOSITION OF MILK 15 


SUMMARY ON FATS AND SOLIDS 


In considering the foregoing milk compositions, it is evident that in some 
cases the data are limited, whereas in other cases the data appear more representa- 
tive, due to the larger number of cows included and a wider geographie distri- 
bution of the samples. 

In interpreting the results of a study made of the composition of milk from 
a group of cattle of a particular breed, one is faced with the necessity of deter- 
mining whether or not the results are clearly typical of the breed. As a criterion, 
it would appear that the results obtained in such a study could be called typical 
or representative of the breed, if the fat results compared closely with the fat 
results reported for a large number of cattle of the same bered. For example, 
the composition of milk obtained from ten cows of a breed might be accepted 
as being sound information if the fat results were close to those reported nationally 
by testing associations. In the case of the fat results summarized in this review, 
the proximity with which they agree with results for large numbers of analyses 
from testing associations is shown in Table 6. 


TABLE 6 
Comparison of average fat of cow samples reported in the literature with 
fat averages reported from Testing Association surveys 

















Turner—1924 (48) Kendrick—1956 (26) Present review* 
Breed Cows Fat Cows Fat Cows Fat 
Ayrshire 4,695 3.97 3,748 4.1 14 4.15 
Brown Swiss : = 2,264 4.2 17 4.02 
Guernsey 13,657 4.99 17,981 4.8 123 4.99 
Holstein 12,110 3.40 76,634 3.7 422 3.49 
Jersey 17,548 5.35 11,197 Dee 


| & 


343 5.51 





“Results obtained from Tables 1-C, 2-C, 3-C, 4-C, and 5-C. 

The average fat variations between the results of this review, as compared 
with the Kendrick report for the Holstein, Guernsey, Jersey, Ayrshire, and Brown 
Swiss breeds range between —0.21 and +0.21%. The average of fat variation 
between the results of this review, as compared with Turner’s report for the same 
breeds, ranges from +.00 to +0.18%, with no comparison of Brown Swiss data 
available. The slightly greater variation of fat averages between the present 
data and the Kendrick report (26) might be partly explained by the fact that 
the Kendrick tests are derived from records oy artificial breeding associations 
and in that respect are selected data. 

Considering the differences in the sources of the samples included in this table, 
the data of this review appear to be fairly representative of the present-day breed 
averages. 

A general summary of the average fat and solids-not-fat of the different breeds 
is presented in Table 7. When the data for the 1900-1925 and the 1926-1957 
periods are compared, it is noted that the fat and solids-not-fat percentages are 
higher for the latter period. This difference appears to be distinct in the higher 
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TABLE 7 
Comparison of average fat and solids-not-fat for the different breeds 
during the two periods of time 
Period 1900-1925" Period 1926-1957" 

Breed Cows Fat S.N.F. Cows Fat S.N.F. 
Jersey 126 5.08 9.08 343 5.51 9.49 
Guernsey 174 4.04 9.06 123 4.00 9.32 
Holstein 590 3.41 8.56 $22 3.49 8.61 
Ayrshire 9 4.02 8.80 14 4.15 8.96 
3rown Swiss 5 3.62 8.87 17 4.02 9.39 


‘Results obtained from Tables 1-A, 2-A, 3-A, 4-A, and 5-A. 
” Results obtained from Tables 1-C, 2-C, 3-C, 4-C, and 5-C, 


testing milk. In this respect, the trend in compositional change seems to compare 
more favorably with that reported in Holland (24), as contrasted with that in 


England (5, 15) 


SUMMARY OF RESEARCH ON PRINCIPAL MINERALS 


The salt composition of milk according to breeds of cows has received less at- 
tention than the fat and other milk solids. The results of several studies of the 
calcium and phosphorus content of milk are presented in Tables 8 and 9. 

Many of these analyses were conducted in conjunction with studies which 
involve the other major constituents also. Some of the values were recorded in 
direct percentages, others in grams per 100 ml. milk. 

Due to the limited number of studies, and the dissimilarity of reported pro- 
cedures, no attempt was made to determine total breed averages for these com- 
ponents. 

The number of cows of each of the breeds included in each study varies within 
each study. Some of the studies (4, 13, 36) include data from more than 25 cows, 
whereas others represent tests from one to 12 cows. Only one study was found 


which reported values for the Brown Swiss breed. 


TABLE 8 
Calcium content of milk as reported by different workers during 
the period 1900 through 1957 
(Expressed as percentage unless otherwise indicated ) 


Refer- Mixed Brown 
ence breeds Jersey Guernsey Holstein Ayrshire Swiss 
45 0.118 
19 0,129 
13 0.117" 0.106" 
2] 0.115 0.106 0.083 0.102 
23 0.146" 0.146" 0.111 0.133" 
36 0.143 0.137 0.117 0.120 0.129 
18 0.138 0.114 
4 0.130 0.110 
1] 0.111 
31 0.103 
1 0.102 
42 0.103 


“Values reported as grams per 100 ml. milk. 
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TABLE 9 

Phosphorus content of milk as reported by different workers during 
the period 1900 through 1957 

(Expressed as percentage unless otherwise indicated) 


Phosphorus content 


Refer- Mixed Brown 
ence breeds Jersey Guernsey Holstein Ayrshire Swiss 

15 0.093 

19 0.106 

13 0.101" 0.088" 

YR 0.112" 0.107" 0.084" 0.105 

36 0.103 0.104 0.090 0.092 0.097 

18 0.119 0.088 

1] 0.086 

31 0.095 

] 0.095 
4? 0.103 


“Values reported as grams per 100 ml. milk. 


Following are the ranges of calcium percentages reported for the different 
breeds: Jersey (0.115-0.1483), Guernsey (0.106-0.137), Holstein (0.93-0.117), 
Ayrshire (0.102—-0.120), and Brown Swiss (0.129). 

The ranges of phosphorus percentages for the different breeds are: Jersey 
(0.103-0.119), Guernsey (0.104), Holstein (0.86-0.103), Ayrshire (0.092-0.105), 
and Brown Swiss (0.097). 

An approximate evaluation of the percentages here shown appears to bear 
out the recognized relationship between the amount of solids of milk and the 
amount of calcium and phosphorus, in which higher values of calcium and phos- 
phorus are associated with higher fat and total solids. 


CONCLUSIONS 

A review of the dairy literature published since 1900 has resulted in the 
assembling of data pertaining to breed variations in milk composition. 

Taken as a whole, the composition of milk seems to show increases in boih fat 
and solids-not-fat over the past 50-yr. period. Three of the breeds show slight in- 
creases in protein over this same period. In some instances, the data seem to have 
been influenced slightly by variations in testing methods, particularly in the case 
of lactose. 

The percentages of fat, solids-not-fat, protein, lactose, and ash show a tendency 
to be slightly higher in the individual cow samples than in the herd samples for 
the same breed of cows. 

Whereas, in some instances, the volume of data appears sufficient to establish 
satisfactory averages for the gross composition of breed milk, in others the data 
are lacking in quantity and uniformity. 
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CONTINUOUS RECYCLING IN THE HOMOGENIZATION OF 
RELATIVELY SMALL SAMPLES 


ABRAHAM LEVITON anp M. J. PALLANSCH 


Eastern Utilization Research and Development Division, USDA, Washington, D. C. 


SUMMARY 


The mathematical relationships governing continuous recycling in the homogeniza- 
tion of small samples have been derived and compared with experimentally determined 
relationships. Distribution curves have been obtained showing the fraction of milk at 
any time ¢ which has undergone p homogenizations. An empirical equation has been 
derived, showing the relationship in intermittent reeyeling between the degree of 
homogenization as measured by turbidity, and the number of homogenizations. Com- 
bining the equations defining the distribution curve with the empirical equation per- 
mits the caleulation of the degree of homogenization at any time ¢ of a sample under- 
going continuous recycling in homogenization. 


Posing the question of the effect of multiple passes through a homogenizer, 
Deackoff and Rees (1) showed conclusively that with respect to the homogeni- 
zation index which they employed, the effect of increasing the number of passes 
was tantamount to increasing homogenization pressure. 

This effect may have interesting application in the homogenization of small 
samples, 3-10 lb. of milk, with a 125-gal.-per-hour plant-size homogenizer. Such 
small samples are usually lost because of the time spent in adjusting to pressure 
at the beginning of an operation, and because of the loss of pressure at the end. 

If time is considered as a variable in homogenizing small samples, and if the 
homogenized portions are fed back continuously to the sample, it becomes possible 
to achieve degrees of homogenization resembling those obtained at pressures 
beyond the pressure range of the homogenizer. Aside from a small uncertainty 
involved in bringing duplicate samples to the same homogenization pressures, 
the procedure allows for a much higher degree of reproducibility than that which 
is obtained with normal homogenization techniques. However, in reeyeling con- 
tinuously there will always be ip theory a diminishingly small portion of sample 
which has not undergone homogenization and, by the same token, there will 
always be an infinitesimal portion which has undergone an infinite number of 
homogenizations. 

It is the purpose of this paper to derive the necessary mathematical relation- 
ships governing continuous multiple-pass homogenization (hereinafter desig- 
nated as multipass homogenization), and to compare the data deduced from 
theory with those obtained in experiment. 


THEORY 


In the mathematical formulation, the following symbols are employed: 
V,, = Volume of sample in gallons. 
V, = Volume passing through homogenizer in time interval t. 
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AV, Af = Increment of volume and fractional increment of volume, respectively, 
passing homogenizer valve in time interval Af. 
n = Number of increments of volume. 
fn. p = Fraction of total volume which has undergone p homogenizations fol- 
lowing the passage of n increments of volume. 
n,p = Volume which has undergone p homogenizations following the passage 
of n increments of volume. 
C = Capacity of homogenizer in gallons per minute. 
m = Number of times volume V, is recycled. 
k, = Turbidity coefficient after p homogenizations. 


>| 


. = Turbidity of sample at time, f. 


Consider an ideal arrangement in which an increment of volume AV is re- 
moved from the sample and, following the homogenization of this small sample, 
is added back to the main sample. As a result, the sample will be found to 


, . Oe Ne 
contain a portion, V, : 





y 


) za, with a turbidity coefficient k,, and a portion, 


AV gal., with a turbidity coefficient 4,. If these operations are repeated n times 
it is easily shown that the following relationships apply : 


(1) fao= (1 —Af) ";nZo 





(2) fa.1—waf (l—aAf) *™*: #1 
; n (n—1) a —— a 
(3) fn, ge I +. Z 
* = nN | *\p y\n-p : 
(4) fa, p=—"+~— (af)? (1—af)"*;n2=p 
(n—p) !p! 
3 __ m ee me 
(5) Af =—; substituting in (4) 
n 
' 
(6) fi, gee a (=e (1——) Pp 
(n-p) !p! " 


Consider the system after a large number of increments have been homog- 
Ct - 
— > O, the values of fz, » 


0 





enized. It follows that for all values of p and for m= 


are given by the equation: 


Ct \? -=> 
(#3) fp= ( 17 € Mo 
Vo ). p! 


Zquation (7) shows the relationship between that fraction of a sample which 
has undergone p homogenizations and time ¢t of homogenization. The equations 
show quite clearly that, if the volume of samples and the time of homogenization 
are multiplied by the same factor, the same size distribution should prevail at 
corresponding times. This relationship suggests one means for testing Equa- 


tion (7). 
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We shall now, utilizing Equation (7), obtain a relationship between turbidity 
and homogenization time. The turbidity of a turbid solution or suspension is 
defined thus: 

] 


(8) K =-—log 


Where /, J,, and I are, respectively, the length of the light path, the incident 
light intensity, and the attenuated light intensity. The value of A, which is a 
function of particle size and shape, the refractive index of the solvent, the re- 
fractive index of scattering units of the same kind, and the wave length of the 
light employed in the measurement, may be deduced from theoretical considera- 


tions based on electromagnetic theory. Leviton (2) has applied the Mie theory to 
a study of the effect of the colloidal constituents of milk on light seattering. 
However, in this paper, the Mie theory will not be considered. Rather, caleula- 
tion of turbidity values will be based in part on Equation (7), and in part on 
the empirical relationship prevailing between turbidity and the number of passes 
through a homogenizer valve which a sample undergoes in an intermittent multi- 
pass system. If k, hi, ko,...k, are turbidity coefficients corresponding to 0, 1, 
2,...p passes, then the turbidity of a sample in a continuous multipass arrange- 


ment is given by the relationship : 


Measurements, it is assumed, are made with a Model B Beckman spectropho- 
tometer with l-em. absorption cells at 1,020 mp, according to the procedure of 
Deackoff and Rees (1). The unit of concentration, accordingly, is the concentra- 
tion (grams per milliliter) of fat in a suspension containing 1 ml. milk (3.5% 
fat), 5 ml. of 5 V ammonia, and 250 ml. H.O, and K, and the various k’s refer 
to such a solution. If A is the turbidity of a solution containing more or less 
; — : 3.39 K’ 
than this amount of fat, then AK = ——— 2 
fat concentration in milk in per cent 





The value of k, depends on the size distribution of the fat globules in the 
original milk. The values of k, ke, ete., depend on this size distribution, on the 
composition of the milk and, more important, on the homogenization temperature 
and pressure, and on the properties of the homogenizer valve. 


EXPERIMENTAL PROCEDURE 

Milk froma mixed herd was standardized to contain 3.5% fat. It was pas- 
teurized at 63° C. for 30 min. and cooled. A 25-lb. sample was warmed to 75° C. 
and fed into a reservoir. This reservoir was connected to the inlet of the homog- 
enizer by means of minimum lengths of sanitary tubing of approximately 7-in. 
diameter. In recycling experiments, the outlet was also connected to the reservoir 
with sanitary tubing. To remove frictional heat, a portion of the return tubing 


was wrapped in toweling over which water was allowed to drip. 
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In the first series of experiments, the values of k,, ki,...ks were determined. 
The milk was passed through the homogenizer eight times and a sample for 
turbidity measurement was taken after each pass. The temperature and the 
homogenization pressure (500 lb. per square inch on the second stage and 3,000 
lb. per square inch on the first) were adjusted before each pass. 

Five- and ten-pound samples were next homogenized continuously. The con- 
necting tubing was warmed and the milk wash allowed to circulate for approxi- 
mately 15 sec. before the application of 500 lb. per square inch on the second- 
stage valve. The first-stage valve was then adjusted, timing begun, and cooling 
water applied. Samples of approximately 10 ml. were withdrawn at 30- and 
60-sec. intervals, respectively, in the experiments in which 5 and 10 Ib. of milk 
were employed. The smallest sample which could be recycled conveniently 
weighed approximately 3 lb. With this small sample the swirling motion in the 
reservoir was damped by the use of a cross-shaped bar over the orifice. 


RESULTS AND DISCUSSION 


Table 1 shows the results of turbidity measurements on samples which have 
been homogenized from zero to eight times. The transmittance values given in the 
last column are those calculated from empirical equation : 


1, 
(10) kp = log + = (ky — kn) CV? +hy 


The values of k, and a depend largely on the conditions of homogenization ; 
k, is the turbidity corresponding to an infinite number of passes, and k, is the 
turbidity of the unhomogenized milk. It is quite likely that the value of k, 
becomes nearly independent of pressure in the high-pressure range, inasmuch as 
k, appears to become nearly independent of pressure at high pressure (1). 
The value for k, (given in Table 1) is that obtained from turbidity measurement 


TABLE 1 
Comparison of observed and calculated transmittanees for milks undergoing 
intermittent multipass homogenization 








Turbidity (kp) Transmittance I/T. I/Io 
Passes (p) (observed ) (observed ) (caleulated ) 
(%) 

0 0.362 43.3 43.3" 
] 0.136 73.0 71.5 
2 0.102 78.7 78.0 
3 0.084 82.5 81.5 
4 0.077 83.8 83.7 
5 0.069 85.2 84.8 
6 0.063 86.0 86.0 
7 0.060 86.8 86.8 
8 0.057 87.6 87.4 


20 0.046 90.1 90.1" 





Caleulated values obtained from empirical equation: 
Io — 
kp = log =- = (ke — ke) ¢ “*V? + ke = 0.3159 e-*'*V" + 0.0461. 


* Values taken to be the same as those observed. 
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of a sample of milk which in continuous multipass homogenization had under- 
gone the equivalent of 45 homogenizations. The empirical relationship furnished 
a basis for extrapolation of the experimentally determined values to include many 
intractable to direct measurement. This extrapolation is necessary to test the 
validity of Equation (9). 


Y 


: , Ct ; ; 
) for values of m = — ranging from 1.91 


Figure 1 is a plot of Equation ( 


to 13.37. The resemblance of the family of curves to those which are met in 
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Fig. 1. The percentage of the total volume which has undergone p homogenizations in con- 


tinuous multipass homogenization is shown for various values of m. 


probability theory is no accident, inasmuch as Equation (6), from which Equa- 
tion (7) derives, lends itself to formulation in terms of probability theory. Thus, 
fn,» is the probability that as » approaches infinity a fat globule selected at 
random will have undergone p homogenizations. The maximum value of f, occurs 
at an integral value of p for which m > p >m—1. The mean value of f, is 
equal to m and the standard deviation is equal to \/m. Thus, the dispersion in- 
creases, that is, the value of the maximum decreases and the standard deviation 


inereases as the time of homogenization increases. 


Equation (9) shows that the resultant turbidity of a sample in continuous 
multipass homogenization is the weighted sum of the turbidities in intermittent 
multipass homogenization, taken over the range of passes from zero to infinity. 
The weighting factors are the f,’s derived from Equation (7), and turbidity as 
a function of the number of passes is given by Equation (10). 

In Figure 2, the turbidities calculated by means of Equations (9) and (10) 
are compared with experimental values. Good agreement is obtained over prac- 
tically the entire range of abscissas under survey. Some uncertainty exists in 


the selection of a zero time and, hence, it is to be expected that the percentage 





HOMOGENIZATION OF SMALL SAMPLES 95 


















0.15 ————-- ecient 
VALUES 
e—--e Theoretical | 
. Experimental 
0.10 
a 
a 
0 
4 
= 
0.05 
@) | ' l L } 
0 ] 2 3 4 


TIME IN MINUTES 


Fig. 2. Experimental and calculated values for the turbidity of homogenized milk are shown 
as a function of the time of homogenization. (Volume of sample, 0.55 gal.) 


error will be greatest in the early stages of homogenization. Furthermore, the 
conditions underlying the development of Equation (7), i.e., no holdup of sample 
before and after homogenizat.on, are not followed strictly. We have assumed 
perfect mixing of the milk in the reservoir and in the conduit space leading to 
the homogenization valve, and no allowance has been made for the effect of holdup 
(approximately 0.5 Ib.) in the return piping. The value of V, has been taken 
equal to the volume of milk processed, minus the volume held up in the return 
piping. Holdup in the return piping, it is reasonable to expect, would reduce 
homogenization efficiency slightly. 

As a further check on the validity of Equations (7), (9), and (10), a com- 
parison was made of the time required to effect the same degree of homogenization 
in two samples differing in volume. According to Equation (7), the time should 
vary directly as the volume and, hence: 

Ct, Cte 
— = — = constant. 
V; Vo 
The results (given in Table 2) tend to support this conclusion. 

In the assignment of values to the constants in Equation (11), only the selee- 
tion of the value for a is based on the method of least squares; k, is the turbidity 
of the unhomogenized sample and, hence, is independent of processing conditions ; 
k, is a maximum turbidity value, and its measurement is not subject to the 
relatively high degree of error associated with the measurement of turbidity in 
the intermediate range. 

The relationships which have been developed may be used in a converse 
sense, that is to say, from measurements of turbidity in a continuous multipass 
system, the constants of Equation (10) may be calculated and, hence, the tur- 
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TABLE 2 
Table shows that the time required for a sample to attain a certain degree of 
homogenization is proportioned to the volume of sample 


-. Caleulate y “as red? 
Time (t) Turbidi y - veins . Ve easure 


(min) 
l 0.131 2.15 1.81 
2 0.092 3.80 ,.62 
3 0.077 5.10 5.48 
4 0.064 7.00 7 24 
5 0.060 9.00 O05 
6 0.056 10.50 10.86 
7 0.053 2 30 12.67 


. — , ; Ct 
Caleulated from data in Figure 2 and relationship: = constant. 


"C =2.1 gal. per minute. V’, = 1.16 gal. 


bidities belonging to samples in intermittent multipass homogenization may be 
calculated as a function of the number of passes. This procedure has elegance 
and simplicity to recommend it, compared with direct measurement. 

Although the fractional distribution of the number of homogenizations is such 
that the mean number is equal to the number of times the total volume has been 
cycled, it does not follow a priori that the turbidity of a sample which has been 
cycled m times is equal to the turbidity of a sample which has undergone m 
homogenizations. The results given in Figure 3 represent an attempt to settle 
the matter experimentally. They show that following the first two passes the 
increase in turbidity per cycle in continuous homogenization is approximately 
equal to the increase per pass in intermittent homogenization. Actually, the curve 
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Fig. 3. The number of times a sample must be cycled in continuous multipass homogeniza- 





tion, to achieve definite degrees of dispersion, is shown as a function of the number of passes 


required in intermittent homogenization to achieve the same results. 
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indicates that 1.1 cycles is equivalent to one pass. The approximate relationship 
is clearly indicated in Equations (9) and (10) only for very large values of m. 

The degree of homogenization as measured by turbidity does not determine 
uniquely the degree of dispersion of the fat phase. Whether milk in which a high 
homogenization pressure has been employed, to achieve a certain high degree of 
homogenization, has the same degree of dispersion as milk in which the same high 
degree of homogenization has been obtained at lower pressures in a multipass 
arrangement, is a matter best settled by particle size measurement; or, if the 
system does not lend itself to direct measurement, measurement of some property 


which is sensitive to differences in size distribution can be made. 
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The total humber of fractions treated after m cycles is mn. The probability of p successes 


in mn trials is given by the formula (available in mathematical handbooks) 


e (aan)! l P 1 mnap 
eT ear ee 1—- 
Pp! Cun-p)? 


This is directly applicable to find the probability of a particular drop of milk that has 
been homogenized p times. Stirling’s approximations of factorials shows that 


aN 
ni=V2an =) 
¢ 


Substituting into the equation for f, and simplifying, one obtains: 














. m? a er 
to = 1+- » 
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b—- a 1+-—- - 
pie mai—p 1P-™ 
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When nx approaches infinity, the process becomes a truly continuous recyeling homogenization 
and the equation becomes: 


which is Equation (7). 
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STANDARDIZATION OF THE HARLAND-ASHWORTH TEST 
FOR WHEY PROTEIN NITROGEN ! 
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Minnesota, St. Paul, and American Dry Milk Institute, Inc., Chicago, Illinois 


SUMMARY 


A standard procedure for performing the Harland-Ashworth whey protein nitrogen 
determination is presented. In this method, standard curves relating turbidity to the 
whey protein nitrogen content are prepared by using appropriate mixtures of salt 
filtrates prepared from two lots of nonfat dry milk, one containing a low, and the other 
a high, level of undenatured whey protein. Collaborative results secured from 17 labo- 
ratories using this method on six samples of nonfat dry milk indicated sufficient precision 
to warrant the use of this method as a basis of specifications for nonfat dry milk. 


The Harland-Ashworth (2) method for the determination of undenatured 
whey protein nitrogen is being used widely as a control procedure in the manufae- 
ture of nonfat dry milk (NFDM) for various purposes. A major criticism of this 
method has been the lack of satisfactory agreement sometimes observed among 
laboratories analyzing the same samples. Thus, in 1953 the Committee on Cereals 
of the Food and Nutrition Board of the National Research Council sponsored a 
collaborative study (1) of various methods for evaluating the quality of nonfat 
dry milk, including the Harland-Ashworth method. The 12 laboratories that used 
this method ranked six lots of nonfat dry milk in almost identical order, but the 
absolute values for the whey protein nitrogen content varied markedly among 
laboratories. Therefore, the method as employed at that time was not satisfactory 
as a basis for specifications for nonfat dry milk. One principal difficulty with 
interlaboratory comparisons has been that various modifications of the original 
method have been used, particularly in the construction of the standard curve 
for relating turbidity to whey protein content. This paper reports an attempt to 
establish a standardized method and to test it by collaborative study. 


METHOD 
The standard method, established partly on the basis of experimental work 
reported later in this paper, was as follows: 
Apparatus and Reagents 
Test tubes—25- by 150-mm. lipless, pyrex or soft glass. 
Funnels—diameter, 50 mm., stem length, 65 mm.; diameter, 90 mm., stem 


length, 65 mm. 
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S&S No. 602, 9-em.,S & S No. 605, 15-cm. pleated filter paper. 

Cuvettes—optically matched. 

Pipettes—Ostwald-Folin type, 1, 2, 3, 4, and 5 ml.; Volumetric, 5, 10, 20, 
and 100 ml. 

Balances—(1) analytical balance for weighing the 2-g. sample of NFDM. 
(2) torsion balance (+ 0.1 g.) to weigh the salt and the 20-g. samples of 
NFDM. 

Water bath—thermostatically controlled to 37° C. (+ 1°). 





Filter paper 











Spectrophotometer or colorimeter—the spectrophotometer or colorimeter being 
used by the individual laboratory. 

Saturated sodium chloride—add 1 kg. of cheese or butter salt to two liters of 
distilled water and heat the mixture to near boiling, with frequent stirring 
to insure complete saturation. After cooling to room temperature, filter 
the solution through S & S 605 pleated filter paper. Do not use sodium 
chioride containing anticaking agents for the preparation of this reagent 
or for saturation of the sample. 

HCl Solution (10 ¢/100 ml.)—23 ml. cone. HCI, C. P. reagent, plus 77 ml. of 
distilled water. 

Standard reference powders—low-heat NF DM and high-heat NFDM.* 

Nephelometer standard—N equals 78, Coleman Instruments, Inc., Chicago, 
Illinois. 


Procedure 

Reconstitute 2 ¢. of NF DM in 20 ml. of distilled water in a 25- by 150-mm. 
test tube. Add 8 g. of NaCl, stopper, and place in a water bath at 37° C. for 30 
min. Shake the contents of the tube from eight to ten times during the first 15 
min. of the incubation period, to insure complete saturation of the sample with 
NaCl. 

Without cooling, shake mixture to facilitate pouring, and filter through S & S 
No. 602, 9-em. filter paper. Refilter through the same filter paper if the first 
portion of the filtrate is cloudy. Collect approximately 5 ml. of filtrate. 

Pipette a 1-ml. aliquot of the filtrate into a cuvette. Dilute the filtrate with 
10 ml. of saturated NaCl solution. Stopper the cuvette with a rnbber stopper and 
mix by slowly inverting once. 

Add two drops (delivered from a 5-ml. volumetric pipette) of the HCl solu- 
tion, to develop the turbidity. Stopper the cuvette and mix the acid with the di- 
luted filtrate by slowly inverting twice. Care should be taken to prevent the 
formation of foam. 

Within 5-10 min. after adding the acid, invert the cuvette once again and 
measure the turbidity in the instrument used in the particular laboratory, with 
the wave length set at 420 mp. Adjust the instrument to 100% transmittance with 


* Available, together with their respective serum protein nitrogen values (Kjeldahl), from 
American Dry Milk Institute, Ine., Chicago, Illinois. 
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e 


a diluted casein-free filtrate made by diluting 1 ml. of the original filtrate with 
10 ml. of saturated NaCl solution. 

Make duplicate determinations on each filtrate and, for each transmittance 
reading, obtain a value for serum protein nitrogen from the standard curve. Take 
an average of the duplicates and report as milligrams serum protein nitrogen per 
gram NFDM. 

Duplicates should agree within 2% transmittance. If they do not, another 
pair should be analyzed and the average of the four determinations used for the 
final value. 

Preparation of Standard Curve 

Reconstitute 20 g. (+ 0.1 g.) each of the standard low-heat NFDM and the 
standard high-heat NFDM with exactly 200 ml. of distilled water in 500Q-ml. 
Erlenmeyer flasks. 

Saturate each reconstituted milk with 80 g. of NaCl, stopper the flasks, shake 
for 1 min., and incubate at 37° C. for 30 min. Shake the mixtures from eight to 
‘ten times during the first 15 min. to insure complete saturation, allowing them 
to remain undisturbed for the remainder of the incubation period. 

Without cooling or further agitation, except that necessary to permit pouring, 
filter the mixture through S & S 605, 15-em. pleated filter paper. In cases where 
the first portion of the filtrate comes through cloudy, refilter through the same 
filter. Continue filtration until approximately 100 ml. of filtrate have been col- 
lected. Cover the filters with a watch glass during the filtration, to prevent ex- 
cessive evaporation. 

Pipette proportions of low-heat and high-heat filtrates into 25- by 150-mm. 


test tubes as follows: 





Tube No. Low-Heat Filtrate High-Heat Filtrate 
(ml. ) 
] 10 0 
2 8 a 
3 6 + 
4 6 
5 2 8 
6 0 10 


Stopper the tubes containing the combined filtrates and mix by slowly invert- 
ing the tubes twice. 

Pipette 1-ml. aliquots of the mixed filtrates into cuvettes, dilute with 10 ml. 
of saturated NaCl, and develop the turbidity as described previously. 

Plot the standard curve, using serum protein nitrogen values (Kjeldahl) per 
gram of powder for the horizontal axis and per cent transmittance as the vertical 
axis on 814- by 11-in. graph paper (1 mg. SPN equals 1 in., 10% transmittance 
equals 1 in.). It is essential that the difference in transmittance readings between 
the low-heat and high-heat filtrates be as large as possible, preferably at least 35%. 


Day-to-day reproducibility of the instrument may be checked by the use of 
a nephelometer standard (N equals 78, Coleman Instruments, Inc.) 





e 
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EXPERIMENTAL PROCEDURE 


Several aspects of the Harland-Ashworth test which have caused difficulty in 
the past include the salt saturation step, the filtration, the dilutions of the filtrate, 
the acidification, and the preparation of the standard curve. After limited investi- 
gation, the procedures for saturating with salt, for filtering, and for acidifying 
were adopted as specified in the section on METHODS. These procedures are 
simple and unequivocal. Dilutions of the salt filtrate of 1 plus 20 with low-heat, 
and 2 plus 10 with high-heat, powder sometimes have been recommended for 
greater sensitivity. Standard curves prepared with a dilution of 1 plus 20 are 
generally too flat, changes in per cent transmittance per unit change in nitrogen 
being small. On the other hand, the 2 plus 10 dilution often flocculates. For this 
reason, the intermediate dilution of 1 plus 10 was selected and used throughout 
this work. 

Standard curves relating turbidity to protein content of the salt filtrate can 


be prepared by several methods, including : 

1. Heating portions of a lot of skimmilk to give a range of denaturation of 
serum proteins and preparing a salt filtrate of each portion. 

2. Mixing raw and boiled portions of a lot of skimmilk in various proportions 
to give a range of denaturation, and preparing a salt filtrate of each mixture. 

3. Preparing salt filtrates from a raw and a boiled portion of skimmilk and 
mixing them in various proportions. 

4. Preparing a salt filtrate from raw skimmilk and making a series of dilutions 
with saturated sodium chloride. 

5. Mixing a lot of low-heat and a lot of high-heat NF DM in varying propor- 
tions, either in the dry or reconstituted state, and preparing a salt filtrate of each 
mixture. 

6. Preparing salt filtrates from a lot of low-heat NFDM and a lot of high-heat 
NFDM and mixing them in various proportions. 


In all of these methods, whey protein nitrogen is calculated as the differeiice 
between total nitrogen (Kjeldahl) in a salt filtrate and the nonprotein nitrogen 
(Kjeldahl) remaining after precipitation of protein by acidification. The trans- 
mittance of the series of diluted and acidified salt filtrates is determined. In 
Methods 1, 2, 3, and 4, the nonprotein nitrogen is constant, but in Methods 5 and 6, 
the two lots of nonfat dry milk selected may have different nonprotein nitrogen 
contents. 

These various methods would not necessarily be expected to yield the same 
calibration curve. The proportions of the individual milk proteins and of other 
milk constituents in the salt filtrate will vary from one method to another. It was 
not known at the start of this work whether such variations would alter the cali- 
bration curve, but the possibility had to be considered. Harland aud Ashworth 
(2) originally used Method 4 to obtain a calibration curve and stated that the 
points obtained by Method 1 fell on the same curve. 
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Standard curves were prepared by Methods 1, 2, and 3 from milks differing 
in serum protein content. In one experiment, samples of Jersey and Holstein 
skimmilk from the University herd were used to prepare calibration curves by the 
combination of raw and boiled portions (Method 2). When the per cent transmit- 
tance was plotted against the protein nitrogen content of the filtrate, Jersey and 
Holstein milks gave comparable curves (Figure 1). Standard curves were also 








10Or 
90} 
O- Holstein 
80F e- Jers 
3 + 
7OF 
WwW 
oO 
= 
= 
- 60 i” 
= 
77) 
z 
o- ¢ 
@ 50Fr 
— 
aor 
30 ain i. at L at 1 lL l l 1 1 ] 
0.2 04 06 0.8 10 1.2 


SERUM PROTEIN NITROGEN (mg./mli.) 


Fie. 1. Comparison of standard curves prepared from Jersey and Holstein skimmilk samples. 


prepared by Methods 1 and 3 from commercial milks obtained from Minnesota 
and Louisiana. Milks from these two areas have been shown to differ greatly 
in serum protein levels, doubtless because of breed differences (3). Louisiana 
milk is generally from Jersey cows, whereas Minnesota milk is predominantly 
from Holsteins. Again, when the data were plotted on the basis of per cent 
transmittance vs. protein nitrogen, there was little difference in the curves for 
Louisiana and Minnesota milks (Figure 2). Furthermore, the data obtained 
with Method 1 followed rather closely those obtained with Method 3. 

It was felt that Method 6, which is simple and utilizes stable standards, would 
be the most satisfactory basis for establishing uniform nationwide specifications. 
In a preliminary test of this method, a lot of low-heat, and a lot of high-heat, 
nonfat dry milk were selected from a commercial source to serve as reference 


standards. In one test of the procedure, nine different operators each prepared 
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Fig. 2. Comparison of standard curves prepared from Minnesota and Louisiana milks 
by Method 1 (heating at 165° F. for various times) and Method 3 (combination of NaCl fil- 
trates from raw and boiled skimmilks). 


standard curves, using blends of salt filtrates prepared from these powders. Each 
unknown ”’ 


sé 


operator then determined the whey protein nitrogen content of six 
samples of nonfat dry milk, each using his own standard curve. These results are 
shown (Table 1). Except in a few instances, the values reported for a given 
powder fall within a range of 1 mg. of nitrogen per gram. The personnel who par- 
ticipated in this preliminary survey included some individuals who had never per- 
formed the test and some who had had considerable experience with the procedure. 

In another test of the procedure, standard curves were prepared by one 


TABLE 1 


Turbidimetrie estimations of serum proteins in six unknown samples by nine different operators 


Sample number 


Operator Instrument A B C D EK Fr 
$$ ——— (iy. N/4j—-——--——_ 

1 Coleman 11-1 5.1 5.5 5.4 0.4 6.2 2.3 
2 Coleman 11-1 4.9 5.9 5.9 0.3 6.7 2.5 
3 Coleman 11-2 5.1 §.2 5.5 0.8 52 2.5 
4 Coleman 11-2 5.3 5.9 5.9 a 3.4 1.3 
5 Coleman 11-2 §.2 5.5 5.7 0.8 5.6 2.4 
6 Coleman 11-2 4.7 5.0 5.1 0.8 5.3 2.5 
7 Coleman 11-2 5.0 5.3 5.8 0.8 5.3 2.7 
8 Coleman 11-2 4.4 5.5 5.0 0.7 5.9 2.2 
9 Coleman 11-3(a) 5.2 6.5 6.4 2.1 6.7 3.9 

(b) 5.1 5.2 5.0 0.5 5.5 2s 
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TABLE 2 
Turbidimetrie estimations of serum proteins in three unknown samples by 
nine different instruments 
Samples 
> 


Instrument A B Cc 


(mg. N/g) —_—-- 


Coleman 11-1 5.2 5.5 5.7 
Coleman 11-2 5.0 5.4 5.5 
Coleman 11-3 5.0 5.4 5.5 
Coleman Jr-1 5.3 5.7 5.5 
Coleman Jr—2 4.9 5.4 5.4 
Coleman Jr—3 4.9 5.4 5.0 
Coleman Jr—4 5.6 6.3 6.3 
Bauseh and Lomb 5.3 5.8 6.0 
Evelyn 4.9 5.4 5.4 


operator using nine different instruments, and the amount of undenatured serum 
protein was determined in three unknown lots of nonfat dry milk. The results 
-obtained in this test are shown (Table 2). Although the standard curves derived 
from the data secured with the Coleman Junior Model 6A were quite flat, the 
results for any given sample of powder were in substantial agreement. 

Since the preliminary results indicated rather encouraging reproducibility, 
a collaborative study involving 17 laboratories was arranged. A copy of the 
proposed standard methods and two standards, consisting of a high-heat and low- 
heat sample of nonfat dry milk, were supplied to each laboratory. The standard 
samples contained, respectively, 1.30 and 7.53 mg. of whey protein nitrogen 
per gram, as determined by the University of Minnesota and the American Dry 
Milk Institute laboratories, both using the Kjeldahl method on salt filtrates. Six 
unknown samples were also supplied, of which two were roller-processed nonfat 
dry milk and four were spray-processed products. Each collaborating laboratory 
was requested to analyze the unknown samples in duplicate by the method speci- 
fied, and to use the standard samples for the preparation of the reference curve. 
The results obtained are presented (Table 3). 

The means of the 17 laboratory averages for each sample are presented in 
Table 4, together with their corresponding standard deviations. These standard 
deviations ranged from 0.234 to 0.477 mg/g. Close examination of the data, how- 
ever, reveals that Laboratories 1, 15, and 16 contributed more than their propor- 
tionate share to the variability. When the results from these laboratories were 
omitted from the calculation, the standard deviations of the means were much 
lower (0.157-0.291 mg/g). 

Further statistical evaluation of the data is given by the analysis of variance 
in Table 5. Three of the laboratories reported quadruplicate rather than dupli- 
cate determinations. To secure a uniform set for the analysis of variance, two 
determinations from each of these laboratories were ‘‘discarded’’ at random. 
Table 5 reveals a low variance between duplicates within a given laboratory 


(standard error of duplicates = 0.15 mg/g). There is, however, somewhat more 


variance between laboratories and considerable tendency for the laboratories to 
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TABLE 4 
Mean values and standard deviations obtained in collaborative study 


Whey protein nitrogen 


Exeluding laboratories 


Ail 17 laboratories 1, 15, and 16 

Unknown Standard Standard 
sample Mean deviation Mean deviation 

$$$ — — - $< fig / g ) A _ 

1 1.21 0.234 17 0.157 

2 2.45 0.245 2.40 0.173 

3 6.06 0.391 6.12 0.289 

4 7.53 0.380 7.60 0.291 

5 0.99 0.278 1.05 0.228 

6 3.49 0.477 3.48 0.272 


obtain relatively different results with the different samples (interaction). The var- 
iance between laboratories is not significantly greater (F = 0.2832/0.2422 = 1.17) 
than that due to interaction of laboratories with samples. 

If it be assumed that a difference must be twice the standard error to be sig- 
nificant (1.e., significance at the 5% point), then two samples analyzed in duplicate 
ina single laboratory would need to exhibit a difference in excess of 2 X 0.15 =0.30 
mg/g te be adjudged to differ significantly. On the other hand, if two samples 
are analyzed in duplicate in two different laboratories, then the difference between 
samples must exceed 2 X 0.36 = 0.72 mg/g to be significant. 

One possible source of variation revealed in this study is the photoelectric 
colorimeter used for the test. With some instruments, particularly the Coleman 
Junior Spectrophotometer (Model 6A), the calibration curve is exceedingly flat. 
This instrument, as used by Laboratories 2, 5, 14, 15, and 16, gave a spread in 
transmittance of only 3-5.5% between 6.28 and 7.53 mg. whey protein nitrogen 
per gram of nonfat dry milk. Since transmittance readings on the same sample 
may fluctuate as much as 2%, this would produce a difference of 0.45-0.83 mg. 
whey protein nitrogen per gram. 

Sample No. 1 was taken from the lot of standard high-heat powder and Sample 
No. 4 from the standard low-heat powder. This fact was not revealed to the col- 
laborating laboratories. It is of interest to note that the mean values given in 
Table 4 for Samples 1 and 4 are almost identical with the vatues for the standard 
samples. 

TABLE 5 
Analysis of variance of Cata from collaborative study 


Degrees 


Source of of Sum of Mean Standard 
variance freedom squares square error 
Between samples 5 1,185.3413 237.0683 
Within samples 198 26.1622 0.1321 0.36 
Between labs. 16 4.5315 0.2832 
Interaction 
(labs. X samples) - 80 12.3748 0.2422 


Between duplicates 102 2.2559 0.0221 0.15 
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DISCUSSION 


The data presented show definitely that the Harland-Ashworth method is of 
sufficient precision to be employed as a basis of specification. Precautions must 
be taken, however, in the preparation of the standard curves. Basing the standard 
curve on the selection of two lots of nonfat dry milk of widely differing unde- 
natured whey protein contents offers a practical solution to the problem of ob- 
taining uniform standardization from one laboratory to another. 

The general agreement of the standard curves prepared in different ways 
indicates that the various individual milk proteins are rather comparable in their 
ability to produce turbidity when acidified in the saturated salt solution. Thus, 
pronounced variations in turbidity due to differences in proportions of different 
proteins present would not be expected. 

Undoubtedly, some of the procedures specified in the method presented herein 
are not particularly critical. Nevertheless, it seems desirable to specify the pro- 
cedures as rigidly as possible, especially since turbidimetric methods are subject 
to a variety of errors. 
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INFLUENCE OF CERTAIN SALTS, WHEY PROTEIN, AND 
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SUMMARY 


The rennet curd tension test has been used to measure the influence of added whey 
protein, heat treatment, and added salts upon the pH and curd firmness of 3% casein 
sols. Heating reduced the pH of all casein sols except sols containing high levels of 
sodium citrate. Addition of sodium chloride, sodium citrate, tribasic sodium phosphate, 
and magnesium sulfate to casein sols reduced the curd tension. Heating (62.2 or 71.1° 
C. for 30 min.) inereased the curd tension of 3% casein sols containing 0.18 to 0.3% 
sodium chloride. Heating for 30 min. at 62.2° C. increased the curd tension of casein 
sols containing sodium citrate or tribasic sodium phosphate. Casein sols containing 
whey protein plus added salts formed clots more nearly resembling a normal clot of 
skimmilk, and were found to be more heat-stable when adjusted to pH 6.50 than when 
adjusted to 6.10. 





Information on the influence of added whey protein, heat treatment, and 
added salts upon the pH and curd firmness of casein sols, as measured by the 
rennet curd tension test, will contribute to a better understanding of the curd- 
making properties of milk. Curd-tension measurements may indicate the chemical 
and physical conditions of certain proteins in milk and aid in determining the 
curd-making properties of casein. 

Upon addition of various salts to milk, Ling (5) found changes in pH and 
ionic equilibria, but evidence supported the view that the phosphate-citrate to 
calcium ratio influences rennet action. Bosworth (1) stated that solutions of 
ammonium, sodium, or potassium caseinates are not curdled by rennin, but that 
the casein is changed to paracasein, the paracaseinates of these bases being soluble. 
Eilers et al. (3) demonstrated that citrate withraws calcium from the dispersed 
phase by the formation of calcium citrate, whereas the addition of phosphate 
seemed to form a rather insoluble calcium phosphate. Zoller (9) and Verma (7) 
found diminutions in solubility of calcium in milk with heat treatment. 

It is apparent that factors other than pH changes are involved in rennet 
coagulation rates and curd firmness. These other factors center around the com- 
bination of milk proteins with cations, particularly calcium, and complexes 
of calcium and magnesium with phosphates and citrates. Shifts in these complexes 
occurring during pasteurization and cool-aging are known to affect clotting with 
rennet. 

EXPERIMENTAL PROCEDURE 


Preparation of casein. The casein from 20 gal. of raw skimmilk was precipi- 
tated by slowly adding 10% hydrochloric acid while agitating with a high-speed 
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agitator until a pH between 4.7 and 4.5 was reached. The precipitated casein 
settled and the whey was siphoned off and replaced with distilled water. The 
mixture was agitated and left undisturbed approximately 30 min. to remove 
calcium ions from the curd. After the curd settled, the water was removed and 
replaced with distilled water. Dilute ammonium hydroxide was added slowly 
with rapid stirring to dissolve the casein, keeping the pH below 7.5. This pre- 
cipitation-washing-redissolving procedure was repeated three times. 

The casein was dried to approximately 75% moisture by pressing excess 
water through a fine mesh cloth, and was stored in covered beakers at —23.3° C. 
Moisture determinations were made by drying 4-g. samples at 90° C. for 16 + 2 
hr. under a vacuum of 15 in. 

Freezing and storing the casein in this manner had no obvious effect on the 
physical appearance or structure of the casein after defrosting. No detectable 
difference was found between the action of rennet on casein sols made from frozen 
and from nonfrozen casein. 

Preparation of whey protein. Whey proteins were isolated from reconstituted 
nonfat dry milk (15% total solids) as well as from freshly separated skimmilk. 
(The nonfat dry milk was made from skimmilk which had been concentrated 
at lower than normal temperatures of evaporation.) The casein was precipitated 
at approximately 10° C. by adding 10% hydrochloric acid. The resulting whey 
was filtered, concentrated by partial freezing, and dialyzed at 2° C. against dis- 
tilled water for five days in 2-in. diameter cellulose dialyzing tubing with an 
average pore radius of 24 A. The semimicro-Kjeldahl method for nitrogen de- 
termination as described by Shahani and Sommer (6) was used for total nitrogen 
analysis of the whey protein. 

Preparation of salt solutions. Stock solutions of sodium chloride, tribasic 
sodium phosphate, sodium citrate, and magnesium sulfate were prepared con- 
taining 30 g. per liter of each salt. Ten solutions were prepared from each of 
these stock solutions in such a manner that 10 ml. contained the salts in an 
amount sufficient to prepare 100 ml. of the desired casein sol. 

Composition of casein sols. Sols containing 3% casein (dry basis) and 0.105% 
CaO added as Ca(OH). were used throughout these studies. Two series of 11 
casein sols were prepared containing each of the four salts listed above in amounts 
up to 0.3%. 

Two series of casein sols were prepared containing up to 0.72% added whey 
protein. The whey protein for each series was prepared independently from the 
same source of nonfat dry milk. 

Two series each of 3% casein sols were prepared containing 0.15 and 0.3% 
whey protein. Raw skimmilk and nonfat dry milk were sources of whey protein. 
Two groups of samples were prepared separately at each level of whey protein 
and from each of the two sources. 

Blending. Preliminary trials suggested the following procedure for com- 
pounding the casein sols used in this study. Casein sols were prepared by weigh- 
ing sufficient defrosted casein into an 8-liter beaker to make 6.3 liters of a 3% 


casein sol. Cold distilled water (2° C.) was added to make the volume up to 6.0 
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liters. The caleulated amount of Ca(OH)» was dissolved in 200 ml. of distilled 
water and added slowly to the mixture while stirring with a high-speed agitator. 
Agitation was continued approximately 45 min. until complete dispersion of the 
casein was attained, as evidenced by visual inspection. 

The volume of the casein sol was made up to 6.3 liters with distilled water 
and divided into 540-ml. portions which were placed in 1-liter beakers. The salt 
solutions of the respective concentrations were added at the rate of 10 ml. per 
100 ml. of casein sol to attain the calculated composition. 

After the adding of the salts, the pH was adjusted to 6.10 with 8% HsPOx,. 
The pH 6.1 was chosen somewhat at random, it being weli within the pH range 
of rennet action. The sols were stored at 2° C. for 16-18 hr., tempered to 25° C., 
and the pH readjusted to 6.10 with H,PO, or NH,OH.? Each casein sol was 
divided into three equal portions. Two portions were placed in 250-ml. Erlen- 
meyer flasks, the first heated to 62.2°C. for 30 min. and the second to 71.1° C. 
for 30 min. The samples were cooled quickly to 25° C., the pH measured, and 
the curd tension determined by a modification of the Cherry-Burrell method (2). 
pH measurements of casein sols were made with a glass electrode and Beckman 
Model M pH meter. Curd tension measurements were made with a Cherry- 
Burrell Corporation Model A curd tension meter. 

When whey protein was used in the sols, it was added with or in place of water 
before adding Ca(OH)». Examination of sols containing both whey protein and 
added salts was conducted at pHl 6.5, to avoid the tough, rubbery curd which 
tended to form at pH 6.1. 

RESULTS 

Sodium chloride. After adjusting with H;P0O,4, cool-aging decreased the pH 
of freshly prepared casein sols, the greatest decreases occurring at high sodium 
chloride concentrations. As shown in Figure 1, heating the casein sols after the 
pH was readjusted to 6.10 lowered the pH, with the higher heat treatment 
(71.1° ©. for 30 min.) causing a greater decrease. High concentrations of sodium 
chloride produced a soft curd in unheated sols. Sols heated to 62.2 C. for 30 min., 
containing low concentrations of sodium chloride, formed a tough, rubbery curd, 
making it impossible to obtain a reading when the curd was measured. These 
casein sols showed a higher curd tension than corresponding unheated sols, pro- 
vided the sol contained 0.18 to 0.3% sodium chloride. Heat treatment (71.1° C. 
for 30 min.) further increased the curd tension of sols within this range of salt 
concentration. The control sample containing no sodium chloride coagulated when 
heated at this temperature. 

Tribasic sodium phosphate. The influence of tribasic sodium phosphate and 
heat upon the curd tension and pH of casein sols is shown (Figure 2). The 
curd tension of the unheated casein sols decreased as the concentration of tri- 
basic sodium phosphate increased. No measurable clot was formed with the 
heated casein sols until the trisodium phosphate concentration reached 0.06%. 


“The use of NaQH_was avoided, so as not to change the sodium ion concentrations in some 


of the sols. 
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increased the curd tension above that of unheated 


Heating 30 min. at 62.2° C. 
Higher 


casein sols, but increased amounts of the salt lowered the curd tension. 
temperatures (71.1° C. for 30 min.) drastically lowered the curd tension. 

An increase in pH after adjusting to pH 6.10 and storing 16-18 hr. at 2° C. 
occurred in casein sols containing tribasic sodium phosphate and sodium citrate 
at concentrations above the 0.06% level. Heating caused a reduction of the pH 
with a greater reduction at the higher temperature (71.1° C. for 30 min.). 
Sodium citrate. Studies of casein sols containing sodium citrate revealed 
that as the amount of salt increased the sols possessed a bluish hue and, upon 
heating, an opaqueness which lessened upon subsequent cooling, as evidenced 
by visual inspection. This increase of opalescence probably was due to the forma- 
tion of a colloidal precipitate of casein which redissolved at lower temperatures. 

The curd tension of unheated casein sols decreased as the concentration of 
sodium citrate increased up to a concentration of 0.12%. Heated and unheated 
sols containing higher than 0.15% levels of the salt formed no clot. Casein sols 
containing 0.06, 0.09, and 0.12% sodium citrate exhibited higher curd tensions 


when heated to 62.2° C. for 30 min. than when not heated. 
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Fig. 1. Influence of sodium chloride and heat treatment upon the rennet curd tension 


and pH of 3% casein sols. 
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Fig. 2. Influence of tribasie sodium phosphate and heat treatment upon the rennet curd 
tension and pH of 3% casein sols. 


Magnesium sulfate. Comparison of unheated casein sols (Figures 1, 2, and 3) 
shows that those containing magnesium sulfate exhibited greater decreases in 
rennet curd tension than those containing the other salts. High concentrations 
of magesium sulfate within the range studied formed a white precipitate which 
was expected, since saturated magnesium sulfate solutions are known to precipi- 
tate certain proteins. Heating the casein sols (62.2° C. for 30 min.) increased 
precipitation, lowered pH, and also lowered the curd tension, provided the level 
of magnesium sulfate was below 0.225%. Soft, friable clots and cloudy whey 
layers were characteristic of the sols heated to 71.1° C. for 30 min. 

Whey protein. Figure 4+ shows that all unheated casein sols formed a hard 
curd. Casein sols containing 0.3% whey protein had lower curd tensions than 
those containing no whey protein. Higher levels of whey protein increased the 
curd tension proportionately as the percentage of whey protein was increased. 
Heating (62.2° C. for 30 min.) lowered the curd tension of all samples. Upon 
heating 30 min. at 71.1° C., a precipitate formed in all cases. When samples 
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containing 0 to 0.3% whey protein were subjected to this heat treatment, a soft, 
friable clot formed when rennet was added, but curd tension measurements could 
not be made. Sols containing higher levels of whey protein formed a soft rennet 
clot after heating and resuspending the precipitate with a Waring blendor. 

Whey protein and added salts. Investigations of the effects of separately 
added salts and heat treatment on the pH and rennet curd tension of 3% casein 
sols led to further investigations on the additive effects of these factors on casein 
sols more nearly approaching the composition of skimmilk. Data reported in 
Table 1 show results of the investigations. 

Sols containing 0.38% added whey protein (Series II and IV) _ possessed 
lower curd tensions than those containing 0.15% (Series I and II1]). Nine of the 
14 trials showed the curd tension to be lower when the whey proteins were ob- 
tained from raw skimmilk, as compared to the casein sols prepared from recon- 
stituted dried skimmilk powder as the source of whey protein. Casein so!s con- 
taining whey protein obtained from reconstituted dried skimmilk powder (Series 
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Fig. 3. 
and pH of 3% casein sols. 


Influence of magnesium sulfate and heat treatment upon the rennet curd tension 
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Fig. 4. Influence of whey protein and heat treatme +t upon the .ennw ~ curd tension and pH 


of 3% casein sols. 


I'l and IV) were more stable to heat treatmencs than those so.5 ¢. ataining whey 
protein obtained from raw skimmilk (Series I and [i). Th’s resulted in higher 
curd tensions in 23 out of 28 trials. 

Casein sols containing sodium chloride as the only added selt ge..erally showed 
an increased curd tension as heat treatment (62.2° C. fer 5’ min.) was applied. 
Casein sols containing 0.15% sodium chloride had a relativ. y h gb curd tension 
after heating to 71.1° C. for 30 min. This substantiates tle res—..s shown in 
Figure 1, which indicate a high curd tension for heated casein ols containing 
only sodium chloride. Curd tensions of the casein sols conteinity whey protein 
were lower than for those containing no whev protein. However, pRB 6.10 was 
used when studying the casein sols containing only sodium chlori¢c «, whereas 
pH 6.50 was used when studying those containing both sodium chloride and whey 


protein. 
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Aging at 2° C. after adjusting the pH to 6.50 lowered the pH in most casein 
sols not containing some tribasic sodium phosphate. Heating lowered the pH, 
but there was no apparent relationship between the pH changes and the changes 
of rennet curd tension. 

DISCUSSION 

Casein sols prepared in this investigation exhibited some properties of skim- 
milk, but were not as representative of skimmilk as those prepared by Grindrod 
et al. (4), which reacted with rennet similarly to skimmilk, in that both products 
showed a similar rate of coagulation and curd tension. The curd tension readings 
in the present study were higher than for normal skimmilk, probably due to the 
high per cent of casein in the sols and the lack of other ions such as K* and CI, 
normally found in milk. These iois may form various chemical combinations 
with casein and, thus, influence the rennet coagulation. 

Since phosphoric acid was used to adjust the pH of all casein sols, the lowered 
pH due to heating can be explained partially on the basis of tricalcium phosphate 
precipitation. With the removal of the tertiary phosphate, the third acid hydro- 
gen is free to add to the H* concentration. 

The reduction of curd tension due to the addition of salts to casein sols was 
probably owing to the tendency of the added salt to encourage precipitation of 
the calcium or to the formation of a soluble calcium citrate complex which re- 
duces the effective ionic concentration of the calcium in the solution. Sodium 
citrate was more effective in reducing the curd tension than either of the other 
sodium salts. 

The curd tension of casein sols, adjusted to pH 6.10 and containing no sodium 
salts, was reduced by the addition of 0.3% whey protein. At the concentration 
of 0.72%, the curd tension reached a point approaching that of the casein 
sols containing no whey protein. Apparently, there is an optimum balance be- 
tween whey protein and casein for greatest curd tension. The pH of the sols, and 
the absence of certain salts normally present in milk, may have had some influence 
on these observations. Upon heating, however, the curd tension decreased as the 
temperature of heating increased. Denaturation of the whey proteins and inter- 
action of the calcium and phosphate ions may be related to this decrease. 

The present studies of casein sols, containing a combination of salts and whey 
proteins, show that large amounts of whey proteins decrease the rennet curd 
tension. At the 0.3% level of whey protein, greater reductions of curd tension 
occurred when the whey proteins were obtained from raw skimmilk than when 
obtained from reconstituted dried skimmilk powder. This was less pronounced 
at the lower level of whey protein. Heated casein sols containing whey protein 
obtained from reconstituted dried skimmilk were more stable to heat treatments 
and possessed higher curd tensions than those sols containing whey protein from 
raw skimmilk. 

The casein sols containing whey protein plus added salts showed less precipi- 
tation when heated at pH 6.50 than at pH 6.10. These results concerning the 
influence of pH upon heat stability confirm the work of Zittle et al. (8), who 
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reported a twofold influence of pH on the heat stability of the casein complex. 
They reported that as the pH is raised more calcium is required to precipitate 
casein and, at high pH values, phosphate will bind calcium more strongly than 
at a lower pH. 
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FORMATION OF METHYL KETONES FROM MILK FAT DURING 
STEAM DISTILLATION OR SAPONIFICATION ? 2 


STUART PATTON anp B. W. THARP 
Department of Dairy Science, Pennsylvania Agricultural Experiment Station, 
University Park 


SUMMARY 


An homologous series of methy] ketones was identified, by means of their 2,4-dini- 
trophenylhydrazones, in both the steam distillate and the unsaponifiable matter from 
milk fat. This series contains the n-alkyl members with odd numbers of carbons from 
C, (acetone) through C,; (pentadecanone-2). Evidence is presented that fresh unheated 
milk fat is devoid of such ketones, w.th the exception of acetone, but that it does contain 
carbonyl functions as suggested by its reaction with 2,4-dinitrophenylhydrazine reagent. 
The capacity of milk fat to generate methyl ketones is discussed in terms of origin and 
flavor significance. A means of overcoming anomalous melting-point behavior of certain 
2,4-dinitrophenylhydrazones is presented. 





Fragmentary evidence from several scurces has indicated that heat treatment 
of milk fat may generate methyl ketones. It has been consistently noted at this 
laboratory that the steam distillate from freshly prepared anhydrous milk fat 
has an odor indicative of heptanone-2. A recent study (11) of volatile carbony!] 
compounds in evaporated milk revealed the presence of acetone, pentanone-2, and 
heptanone-2. These appeared to originate mainly through heat treatment of the 
fat phase. Other work (9) has shown pentadecanone-2 and, possibly, trideeanone-2 
in the unsaponifiable matter from a high-melting glyceride fraction of milk-fat. 
This evidence of a wide variety of straight-chain methyl ketones containing odd 
numbers of carbons from milk fat suggests a unique property of milk fat that is 
not readily evident from i's known composition. Thus, a more comprehensive in- 
vestigation of the matter was undertaken. Since the literature has indicated 
that both moist heat and saponification (with alcoholic KOH) may produce 
methyl ketones from milk fat, both agents were evaluated. 


EXPERIMENTAL PROCEDURE 
Methods and materials. Anhydrous milk fat was prepared by separating 
fresh raw milk at 10° C., promptly churning the raw cream to butter, and melt- 
ing, washing, and refining the butter to a clear oil with the aid of a small DeLaval 
milk separator. Processing temperatures for the milk fat never exceeded 
54.5° C. This fat was used for these experiments either immediately or within 
several weeks, in which case it was held in che dark at 2° C. during storage. 
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The various methyl ketones encountered in the study were separated and 
characterized as their DNPhydrazones.* To facilitate identification, comparison 
with the hydrazone derivatives of known ketones was required. These were pre- 
pared essentially as described by Shriner and Fuson (10). The parent compound 
for the pentadecanone-2 DNPhydrazone was synthesized by the classical method 
of destructively distilling the mixed calcium salts of appropriate acids, in this 
case acetic and myristic. Other DNPhydrazones were prepared from available 
ketones (Eastman). 

The crude mixture of DNPhydrazones derived from the steam distillate or 
unsaponifiable matter of milk fat was resolved into pure components by liquid 
partition column chromatography, precisely as described by Bassette et al. (1). 
In essence, this method* employs celite as a support, nitromethane as immobile 
phase, and purified hexane as mobile phase. The glass columns were packed on 
the basis of 50 g. of celite per column. Individual bands of the derivatives from 
crude mixtures separated on the columns were rechromatographed after removal 
_ of eluting solvent at reduced pressure. This was found helpful in obtaining good 
erystalline preparations for identification. Such preparations were obtained by 
holding hexane solutions, adjusted to final volumes of 0.1—5 ml., depending on the 
amounts of derivative available, in the cold (2° C.) until crystals appeared, trans- 
ferring the solution containing a few crystals to a small filter paper dise with a 
glass capillary, and washing the crystals with a drop or two of cold hexane. To 
check the purity of bands from the column, and as a further aid to identification, 
the paper chromatographic methods of Huelin (3) for Cx and shorter-chain 
DNPhydrazones, and of Klein and deJong (5) for Cy and longer-chain deriva- 
tives, were used. The optical densities and wave length maxima (340-400 mz) 
of DNPhydrazones were determined either in chloroform or 95% ethanol, with 
a Beckman DU spectrophotometer. Melting points were observed on a Fisher 
micromelting-point apparatus, with the aid of a stereomicroscope. 

Ketones in the steam distillate. For evaluating the effects of moist heat in 
producing ketones from milk fat, laboratory-scale, steam-deodorization equip- 
ment (Figure 1) was used. Two-liter batches of milk fat were placed in the 
5-liter deodorizing flask and stripped with steam (equivalent to 50-200 ml. of 
water) during a period of 3 hr. The fat was maintained at a temperature of 
200 + 5° C. and the pressure in the system was kept between 0.1 and 0.25 mm. 
Hg for the several trials. The steam strippings, nearly all of which condensed in 
the first dry ice trap, were allowed to thaw. They were then filtered to remove 
coarse suspended material, transferred to a separatory funnel, saturated with 
salt, and extracted four times with 50 ml. of ethyl ether. The filtration step was 
found essential to remove material causing troublesome emulsions during ether 
extraction. The ether extracts were combined and the DNPhydrazones of any 
carbonyl compounds present therein were prepared by treatment with reagent. 
The reagent was prepared by dissolving 200 mg. of DNPhydrazine in 3 ml. of 


* The abbreviation DNP is used throughout for 2,4-dinitrophenyl-. 
*See also Monty, K. J. (Anal. Chem., 30: 1350. 1958.) for a similar method. 
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Fig. 1. Apparatus for steam-stripping of milk fat. 


33% (by volume) H,SO, in water. After adding 5 ml. of 95% ethanol, the 
entire solution was transferred to the ether extract. This mixture was stirred at 
room temperature for 1 hr., then 25 ml. of water was added. Stirring was con- 
tinued 15 min. more, after which the ether layer was separated and evaporated 
under reduced pressure. The residue from the ether solution, containing the 
crude hydrazones, was taken up in hexane, and the resulting solution was applied 
in 5-ml. quantities to the celite-nitromethane partition columns. Identification 
of the purified crystalline DNPhydrazones by melting-point data was accom- 
plished from only one sample of fat (Table 1). Several additional samples repre- 
senting spring, summer, and winter fat from pooled milk of the University 
Creamery revealed capacity to generate the same ketones listed in Table 1, as 
shown by ultraviolet spectra and behavior on paper and column chromatograms 
of DNPhydrazones from their steam distillates. 

The following facts support the conclusion that the methyl ketones listed in 
Table 1 are generated from milk fat by moist heat: (7) the strong ketonic odor , 
of the steam distillate, (2) the observation of strong infrared absorption at 5.83 p 
by the organic material in the strippings, (3) the lack of ketone odor in the un- 
distilled fat, and (4) the previous observations (11) that low-temperature dis- 
tillation of unheated cream produces only acetone. The facts that no significant 
amounts of other carbonyl compounds were readily evident, and that the DNP- 
hydrazone bands from chromatography columns appeared fairly pure and 
homogeneous, suggest that the indicated methyl ketones are the principal mono- 
functional carbonyls derived under the experimental conditions. 

Although the experiments were not designed toward quantitative measure- 
ment of the ketones, it is of interest that the organic material in the steam dis- 
tillate amounts to about 1 to 2 g. per liter of fat. The ketones represent only 
a fraction of this and individual ketones are formed probably in amounts no 
greater than a few one-hundredths of 1% of the total weight of the fat. Judging 
from the color intensities of bands and the optical densities of eluted bands, 
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heptanone-2 DNPhydrazone was present in greatest amount and the pentade- 
canone-2 derivative was next most concentrated. The other bands were notice- 
ably less intense. The eluate from the column before Band 1 was always colored 
and paper chromatograms of it suggested that a hydrazone derivative of longer 
chain length (approximately C,;) than that of pentadecanone-2 passed through 
the column without partitioning. 


TABLE 1 
Identification data on the 2 t-dinitrophenylhydrazones of carbonyl compounds 
in the steam distillate from milk fat 





Chroma- Absorption 

tography Postulated maxima (mpz)” Melting points (° C.) 

column identities 

Band No. of carbonyls* Unknown Authentic Unknown Authentic Mixed 
l Pentadecanone-2 365 365 75.5-— 76.5 75-— 76 75-— 76.5 
2 Tridecanone-2 365 365 70 — 71 69-— 70 69- 71 
3 Hendecanone-2 365 365 63 — 64 63-— 64 63-— 64 
+ Nonanone-B 265 365 37 — 38 37— 38 37— 38 
5 Heptanone-2 365 365 71 - 72 73-— 74 71- 74 
6 Pentanone-2 365 365 143 -144 144-145 143-145 
7 Acetone and 

acetaldehyde 130 -152 


“Based on paper chromatographic data by methods of Huelin (3) and Klein and de 
Jong (5). 
"In chloroform on recrystallized derivatives. 


Ketones in the unsaponifiable matter. Samples of milk fat other than those 
employed in the steam distillation experiments were used to investigate the 
presence of ketenes in the unsaponifiable matter. The procedure was as follows: 
60 g. of melted milk fat was refluxed with 450 ml. of 4% (wt.) KOH in ethanol 
for 30 min., after which 500 ml. of distilled water was added to the saponified 
mixture. This solution was cooled and extracted for 20 min. with 250 ml. of 
redistilled petroleum ether (b.p. 38-42° C.). The petroleum extract was filtered 
through Whatman No. 1 paper and evaporated to a volume of 1 or 2 ml. The 
residue at this point had a distinct odor of heptanone-2. It was treated immedi- 
ately with 25 ml. of an alcoholic DNPhydrazine solution containing 2 mg. of 
reagent per milliliter. After standing 1 hr., the reaction mixture was diluted 
with 25 ml. of water, then extracted with three 10-ml. portions of hexane. These 
extracts were combined, evaporated under reduced pressure to a volume of 5 ml., 
which was used as the sample for chromatographic column separation and identi- 
fication of individual DNPhydrazone comporents. Purification and identification 
procedures were the same as those described for the hydrazones in steam distil- 
late experiments. Although the hydrazones in the unsaponifiable matter of 
several samples of fat were evaluated by spectral properties and chromatographic 
behavior, only one trial was carried to identification of the crystalline deriva- 
tives by single and mixed melting points. These data are very similar to those 
presented in Table 1 (and for brevity have been omitted), the only difference 
being that the 3, 5, and 7 carbon ketones were not secured in sufficient yield for 
melting point data. However, these compounds were detected as their DNP- 
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hydrazones by ultraviolet absorption spectra and behavior on paper chromato- 

grams. The limited yields of these ketones probably arose from losses during 

recovery of the unsaponifiable matter and evaporation of solvent from it. 
DISCUSSION 

The finding of an homologous series of methyl ketones containing odd numbers 
of carbons in both the steam distillate and the unsaponifiable matter from milk 
fat raises a number of interesting questions, among which are: (1) Where, spe- 
cifically, do the ketones come from? (2) Do milk fats vary in their tendency to 
produce them, and would such variations influence flavor of milk products? 
(3) Do other fats generate ketones under similar conditions? and (4) Do these 
findings have any relevancy to the biochemistry of fat metabolism ? 

Some additional information on one or two of these points is available. It 
seems clear, as discussed above, that heat is required to form the ketones identified 
in this study. This implies that unstable structures in the unheated fat serve 
as their precursors. In a previous paper (11), it was proposed that 8-keto-acids 
in the milk fat glycerides might represent plausible precursors, since they are 
known to decarboxylate to methyl ketones on heating and since an acetate con- 
densation mechanism plays a primary role in milk fat synthesis. Evidence that 
fresh milk fat may contain ketone carbonyl groups is shown in Figure 2. This 
experiment involved shaking 100 g. of fresh unheated milk fat for 1 hr. at room 
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Fig. 2. Absorption spectra of milk fat reacted with 2,4-dinitrophenylhydrazine. A. Spec- 








trum of the reacted fat after washing five times with equal volume of methanol. B. Spectrum 
of the material extracted with methanol. 
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temperature with 100 ml. of 0.2% DNPhydrazine in 2 VN HCl. The absorption 
spectrum of the fat phase (1 ml. in 40 ml. of chloroform) between 300 and 
400 my was determined, using untreated fat in chloroform as a blank. The re- 
maining fat which had been treated with DNPhydrazine reagent was extracted 
five times with 100-ml. volumes of methanol at 40° C. This extracted fat also 
was spectrally anelyzed. The upper curve (A) shows the absorption remaining 
in the fat after the methanol washing, and the lower curve (B) shows absorption 
removed by the washing. Curve A, with maximum at 364 my, is in accord with 
that observed for saturated ketone DNPhydrazones (2). This suggests that fresh 
milk fat glycerides may contain ketone carbonyl groups. Curve B, with principal 
maximum at 350 and an inflection at about 365 my, primarily may represent 
removal of some low molecular weight aldehyde derivatives, with lesser amounts 
of ketone derivatives. 

Additional work will be needed to elaborate the precise origin of the ketones 
in question and the amounts of them which are formed under various conditions. 
If milk fats vary in their potential to produce ketones and the ketones do play 

‘a role in flavor change of some milk products, as seems to be the case (11), per- 

haps a test based on DNPhydrazine reagent could be employed for screening 
manufacturing class milk supplies, or for determining what conditions of cow- 
feeding and management produce milk fats with the least potential for ketone 
formation. This is speculative, but it is to be emphasized that methyl ketones in 
the order of a few parts per million can alter the flavor of milk products, and 
that even the trace amounts of such compounds detected in this study may be 
of importance to flavor. 

With respect to ketones in the unsaponifiable fraction of milk fat, the find- 
ing of Morice (8) regarding a column purified, recrystallized (from methanol ) 
substance from the unsaponifiable matter of butter fat is of interest. This 
material exhibited a melting point of 37-38° C. and analyzed 79.2 and 79.3% 
for carbon and 13.1 and 13.2% for hydrogen. Morice proposed the formula 
C,4HesO. which requires C—79.2% and H—13.3%. Pentadecanone-2, C)5;H300, 
contains C—79.6% and H—13.4%. It is reported® variously to melt from 35 to 
40° C. and may represent the compound in question. 

Previous work at this laboratory revealed a difficulty in using DNPhydra- 
zones for identification of carbonyl compounds by melting point data. Some 
compounds yield derivatives with two or more melting puints. For example, the 
DNPhydrazone of heptanone-2 is variously reported to melt at 58° (6,7), 74° 
(7,10), and 89° C. (4), and all three forms of this derivative have been en- 
countered by us at one time or another. A problem arises when an unknown 





exhibits one melting point and a known DNPhydrazone—which otherwise is 


logically postulated to be identical to the unknown—exhibits a different melting 





point. Repeated crystallization of one or both derivatives from various solvents 
is not only unfeasible at times because of quantitative limitations, but does not 
consistently adjust the two forms to the same melting point. A fairly simple, 


° For example, see Dreger et al., Ind. Eng. Chem., 36: 612. 1944. 
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TABLE 2 
Effect on melting pots of seeding the melts of lower melting forms of 
certain 2,4-dinitrophenylhydrazones with higher melting forms 








Melting point (° C.) 


Before After Seeding 
DN P hydrazone seeding seeding preparation 
Tridecanone-2* 58-59 70 -70.5 69-70° 
Tridecanone-2” 59-60 10) a8 69-70° 
Pentadecanone-2” 68 75.5-76.5 75-76° 


“From unsaponifiable matter of milk fat. 
"From steam distillate of milk fat. 
“ From reagent ketones. 


helpful expedient was found, which is as follows: A few erystals of the lower 
melting form of the DNPhydrazone are placed on the melting-point block and 
the temperature of the block is adjusted to 1 or 2° C. above the melting point 
of the crystals. The melt is then seeded with a microcrystal of the higher melting 
form with the aid of a finely drawn glass capillary. The melt will immediately 
solidify and assume melt-properties in the range of the higher melting form. It 
then is possible to make mixed melting-point determinations, although the test 
itself seems to be some criterion of coidentity. Although this phenomenon has not 
been exhaustively investigated, it was found very useful in the present study. 
Some specific instances of its application are shown in Table 2. 
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HARDNESS OF BUTTER. Il. INFLUENCE OF SETTING! 


J. M. DE MAN anp F. W. WOOD 
Department of Dairying, University of Alberta, Edmonton, Canada 


SUMMARY 


The extent of setting was measured in conventional and continuously made butter? 
representative of seasonal hardness extremes, which have been related earlier to vari- 
ations in the solid fat content of the butterfat. The extent of setting, which is defined 
as the hardness increase during storage of the butter, is shown to be largely dependent 
on initial hardness, the harder butter displaying the greater degree of setting. Setting 
was always less, however, in continuously made butter when compared with conventional 
butter made in the same season. Rapid cooling of the cream resulted in a harder 
conventional butter, with an increased extent of setting. The extent of setting may be 
permanently lessened by printing and, again, the decrease is influenced by the initial 
butter hardness. A complete interruption of setting is effected by freezing, but setting 
resumes its normal course on removal of the butter to higher temperature storage. 


Butter possesses the remarkable and consistent property of undergoing a 
hardening process, after completion of manufacturing, that is called setting. The 
influence of cream-cooling methods and of churning and wash-water tempera- 
tures on the hardness of butter have been studied extensively, but the relation 
between these factors and setting has not been systematically investigated. In- 
deed, as expressed by Mulder (11), it is remarkable that the setting phenomenon 
has received so little attention. 

Reports have been published on the extent of setting (5, 7,11), and the in- 
fluence of such factors as storage temperature (5,7,9), working (6, 12), and the 
manufacturing method (1, 8). 

Most of the published data apply to cultured cream butter and it is fre- 
quently claimed that crystallization of undercooled butterfat is the cause of 
setting. With the butter-making method used in Canada, this seems highly un- 
likely, and thixotropy has been proposed as the main cause (2). In the present 
report, additional information is presented on the setting of butter as influenced 
by seasou, manufacturing method, printing, rate of cream-cooling, and butter 
storage temperature. 

METHODS 

Hardness was measured by the modified Kruisheer and den Herder method 
described previously (1). A number of square stainless steel frames was filled 
with each butter immediately after manufacture. The butter-filled frames were 
individually wrapped in Saran film to prevent desiccation during prolonged 
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storage periods. All butters were stored at approximately 5° C., anless otherwise 
stated, and were tempered at 17° C. for hardness measurement. 

The butters were obtained from commercial churnings made either by con- 
ventional or by continuous methods. The creamery that produced the con- 
ventional butters employed churning temperatures ranging from 9-13° C., 
depending on season. In the slow-cooling method, cream was cooled to 8° C. 
after pasteurization in a coil vat and churned at 13° C. the next morning. For 
rapid cooling, the cream was pasteurized in a high-temperature short-time pas- 
teurizer, cooled to 5° C., and held at this temperature for 16 hr., then warmed 
to 13° C. for immediate churning. All conventional butters were unwashed. 


RESULTS 
To obtain butters with varying initial hardness, samples were taken at differ- 


ent times of the year. Results are presented (Figures 1 and 2) for June and De- 
cember butters, which are representative of seasonal hardness extremes (1). 
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DAYS 
Fig. 1. Setting of summer (June) butters. Conventional butter, not printed (Curve A). 
Same butter printed (Curve A’). Continuously made butter, not printed (Curve B). Same 
butter, printed (Curve B’). 


Curves A are for setting of conventional, and Curves B for continuously made, 
butter. In all cases, the major part of setting took place during the first week 
after manufacture. In soft conventional summer butter, setting continued to 
the end of the first month, but in conventional winter butter, setting was not 
complete after 2 mo. At the end of 2 mo. of storage the hardness increases were 
as listed in Table 1. 

Setting was measured on the butters described above after they had been 
put through a commercial printing machine (Curves A’ and B’ in Figures 1 
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Fig. 2. Setting of winter (December) butters. Conventional butter, not printed (Curve A) 


Same butter, printed (Curve A’). Continuously made butter, not printed (Curve B). Same 


butter, printed (Curve B’ 


and 2), according to the usual commercial procedures employed. The conven- 
tional butter was printed after being held at 5° C. for one or two days, while 
the continuously made butter was printed immediately after leaving the textu- 
rator, at approximately 7° C. Prevailing commercial practices accounted for the 
difference in holding times prior to printing. Printing resulted in a lowering 
of the initial hardness and a striking reduction in the extent of setting, in all 
except the continuous winter butter. This hard butter showed little reduction 
of the extent of setting after printing. The soft conventional summer butter 
displayed only a very limited setting after printing. 

Conventional butter made from rapidly cooled cream was harder initially 
than butter made from slowly cooled cream, and the difference increased as setting 
progressed, i.e., the extent of setting of the former butter was greater (Figure 3). 

The influence of storage temperature is illustrated in Figure 4 which, although 
based on the data for conventional butter from one churning, is representative 
of butters from many churnings. It is evident from these curves that hardness 


increases were greater at 5 than at 15° C. 


TABLE 1 


Hardness increases at the end of 2 mo. storage at 5° C 
Butter Hardness increase 
(%) 
Conventional, summer 75 
Conventional, winter 106 
Continuously made, summer 35 


Continuously made, winter 42 
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Fig. 3. Setting of conventional butters made from slowly cooled cream (Curve A), and 


rapidly cooled cream (Curve B). 


Similarly, Figure 5 presents data for one conventional butter, but is repre- 
sentative of many butters subjected to the same temperature treatments. Repli- 
cate butter-filled frames were stored at either 5 or at —20° C. immediately after 
churning. Hardness increases were followed in the 5° C. replicates (Curve A). 
At the end of 3 wk. at 5° C., some replicates were placed at —20° C. for a 
further 3 wk., then replaced in the 5° C. storage. Curve C shows the hardness 
increases during the latter storage period. Some replicates were stored at —20° C. 
for the first 3 wk. following churning, then removed to 5° C. storage; Curve B 
depicts the hardness changes at 5° C. It is to be noted that Curve B may be 
superimposed on Curve A and that Curve C very closely approximates the upper 
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Fig. 4. Setting of conventional butter as influenced by storage at 5° C. (Curve A) and 
at 15° C. (Curve B). 
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part of Curve B. It is apparent that freezing merely interrupts the setting 
process, which proceeds normally on subsequent removal of the butter to storage 
at a higher temperature. 

DISCUSSION 

It has been suggested in an earlier paper (2) that the particles in butter 
are of two types, differentiated by size. smaller ones that can move relatively 
freely, and larger ones that can not move. In this way, a distinction can be made 
between a primary structure involving the larger particles, and a secondary 
structure involving the smaller ones. This reasoning is supported by the differ- 
ences in hardness increase between conventional and continuously made summer 
and winter butters. Conventional butter is known to contain a greater number 
of small erystals than continuous butter, so that the former would be expected 
to show a higher degree of setting. The extent of setting is also influenced by the 
initial hardness of the butter. This is true not only for seasonal differences but 
also for cream-cooling variations. Both factors influence the proportions of solid 
-fat (3). It is apparent, therefore, that a relation exists between setting and the 
solid fat content. 

The hardness curves of printed butter are always below those of nonprinted 
butter, indicating that part of this hardness change is irreversible. The irrever- 
sible part of the hardness decrease can not be attributed to thixotropy or to a 
change in the quantity of crystalline fat, but apparently involves a change in the 
primary structure, whereby some permanent linkages are broken. 

Higher storage temperatures caused a decrease in the extent of setting, which 
is in accordance with results reported for cultured butter (7,9), but it is shown 
here that the effect is relatively minor within the experimental temperature range. 
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Fig. 5. Setting of conventional butter as influenced by freezing. Butter stored at 5 





(Curve A). Same butter stored at —20° C. for 3 wk., followed by storage at 5° C. (Curve B). 
Same butter stored at 5° C. for 3 wk., followed by storage at —20° C. for 3 wk., subsequently 


stored at 5° C. (Curve C). 
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Because of conflicting evidence on the effect of freezing on setting (1,4), this 
phenomenon was studied in some detail. Confirming previous results (1, 10), 
freezing temporarily halted setting, even if the butter had been left to set for 
some time, but no other effect of freezing was found. 

It is evident from these results that several factors influencing initial butter 
hardness may also greatly influence hardness changes that take place during 
subsequent storage. Study of these factors should, therefore, not only be con- 


cerned with initial hardness but with variations that may be induced by setting. 
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HIGH MILK-PROTEIN BREAD 


L. V. ROGERS anp HELEN H. WELTON 
Eastern Utilization Research and Development Division, USDA, Washington, D. C. 


SUMMARY 


The protein content of bread was increased from 13.96 to 18.04% on a dry basis, 
or nearly 30%, by including 25 parts of nonfat dry milk per 100 of flour in the bread 
formula. The loaves had excellent flavor and good toasting quality; symmetry and crust 
color were substandard; crumb color, texture and grain, and cell structure good. The 
biological value of the protein was nearly doubled in comparison with the protein in 
bread containing only four parts nonfat dry milk per 100 of flour and, at the same 
time, the bread had good consumer acceptability in limited, preliminary trials. 


The use of nonfat dry milk (NFDM) in bread has become an established 
practice in the United States. In 1957, the baking industry utilized 332.5 million 
pounds (6) at an estimated level of 3 to 4%, based on the flour used. This amount 
imparts obvious advantages in improved crust color, grain, texture, and toast- 
ing quality. Less readily observed advantages are improved dough uniformity, 
machinability, and water absorption and, finally, improved nutritive value of the 
bread is perhaps the most significant of all. 

Despite these advantages, the per capita consumption of bread has decreased 
annually in recent years. This decrease can be attributed partly to current 
ideas of diet. It is, however, of considerable interest that Jack and Haynes (5), 
in a carefully controlled study, showed that young boys ate increasing amounts 
of bread containing increased amounts of NFDM. Levels of 6, 10, and 14% 
NFDM caused increased consumption of 4, 8, and 13%, respectively. 

A detailed consideration of the nutritional advantages of supplementing 
wheat proteins which are deficient in L-lysine, with rnailk proteins that are rich 
in L-lysine, is not a simple matter. Bender (1) has recently given evidence that 
deficiencies of threonine and methionine exist in cereal proteins, so that L-lysine 
alone does not suffice for complete supplementation. The differences in amino 
acid requirements between experimental animals and man, and varying require- 
ments of humans with age, sex, and physical activity, all make any exact inter- 
pretation of nutritional tests difficult. Nevertheless, the consensus of nutritionists, 
that milk furnishes an excellent supplementation for cereal proteins, is well- 
founded and supported by a large body of evidence. 

The present investigation was undertaken to determine how high the level 
of NF DM could be raised in white bread formulas, and still produce satisfactory 
bread, without radically modifying production methods. Powers (7), in 1936, 
carried out a similar study and patented production methods based on mixing 
the dough two to five times as long as the optimum mixing time for bread dough 
without milk. The resuits of his study and those reported herein are, on th 


whole, in excellent agreement. 


a 
vi 
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METHODS AND MATERIALS 
The standard white bread formula and straight dough procedure currently 
in use in this laboratory for measuring the baking quality of NF DM were em- 
ployed, with milk solids the only variable. The basic bread formula was: 


Flour! 100 parts (12.0% protetein, 0.45% ash, 
and 14.0% moisture) 

Sucrose 3 parts 

NaCl 2 parts 

Shortening 3 parts 

Nonfat dry milk 0, 2, 6, 12, and 25 parts 

Water Variable to produce satisfactory 
dough consistency 

Yeast food 0.25 parts 

Compressed yeast ? parts 


Three loaves of approximately 1 lb. each were baked from each dough. To 
insure proper dough development, the ingredients were mixed in a Fleischmann 
vertical-type laboratory mixer until 1 min. after there was complete pick-up 
of the dough from the sides of the mixer. In this way, smooth-appearing doughs 
which were soft and pliable, although not sticky, were obtained. The doughs 
containing the highest level of NF DM were more plastic than usual, but could 
be handled and machined without difficulty. Fermentation was carried out at 
82° F. and consisted of periods of 135, 40, and 20 min., with hand-working of 
the dough after the first and second periods. The last fermentation period was 
followed by machine-molding and a proofing period of 60 min. at 92° F. and 
90% humidity. The bread was baked in a gas-fired, reel-type oven for 30 min. 
at 400° F., or for 40 min. at 350° F. Loaf volume was measured by seed dis- 
placement after 1 hr. of cooling at room temperature. All loaf volume measure- 
ments are the mean value of nine loaves baked from three doughs (three loaves 
each dough) on different days. The NFDM used in the baking was commercial 
erade and was purchased as having been manufactured by the superheated, spray- 
dried process. The undenatured whey protein nitrogen of this NFDM, as de- 
termined by the Harland and Ashworth (+4) procedure, was 1.0 mg/g. 

RESULTS AND DISCUSSION 

Table 1 presents the pertinent data obtained, including variations in manu- 
facturing procedure and the bread characteristics. 

Loaf volume. All loaves containing NF DM were larger than the water bread 
loaves, those containing six parts NF DM/100 parts flour being the largest. Ex- 
cluding the latter volume, the differences between loaf volumes of the other 
milk loaves were not significant. In baking the doughs containing 25 parts 
NEDM per hundred of flour, there was relatively little oven spring and the 
resulting bread was compact. 

What the loaf volumes would have been, if the baking time and temperature 
had been the same for all loaves, is not known. In any event, the data indicate 
that good loaf volume can be obtained even at the highest level of nonfat dry 
milk in the bread fornrula. 


A mixture of equal parts of Northwestern and Southwestern bakers’ grade patent flour 


was used. 
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TABLE 1 
Characteristics of bread containing increasing levels of nonfat dry milk 


Grain, 
cell Average Protein* 
Loaf Sym- Crust Crumb strue- mixing Dough Baking (dry 
NFDM_ volume metry color’ color Texture ture time quality temperature _ basis) 
( parts/ 106 
of flour) (ml.) (min, ) (°F.) (min.) (9%) 
0 2,268 Fair Pale Fair Good Good 9.0 Good 400° — 30 13.96 
9 2.342 Good Fair Good Good Good 10.5 Good 400° — 30 14.51 
6 2,406 Good Good Good Good Good 14.0 Good 400° —30 15.12 
12 2 369 Good Good Fair Fair Poor 14.3 Good 350° — 40 16.47 
25 2 303 Poor Dark Good Good Good 16.0 Plastie 350° — 40 18.04 
*Caleulated on the basis of NV X 6.38 for milk protein and N x 5.70 for flour protein. 


Symmetry. Only the loaves containing the highest level of NF DM were un- 
desirable in this property, chiefly because of their tendency to have a ragged or 
sometimes a wild break. Probably this was due to the plastic character of the 
dough. In other experiments, these defects were lessened by increasing the water 

‘absorption of the dough or by the addition of small amounts of cysteine HCI or a 
monoglyceride. 

Crust color. The crust color of the highest milk-protein breads (12 and 25 
parts NFDM), according to standard scoring technique, was definitely dark 
red—brown, and must be classified as substandard. This was due to the high 
lactose and protein content, but the darker color might not be considered un- 
desirable by many consumers. A pale crust-color was obtained with the water 
bread. It, too, was considered substandard. 

Crumb color. As the NF DM level was increased there was a slight increase 
of creamy color in the crumb. At the highest level this did not appear excessive 
and should not be considered objectionable in a specialty bread. 

Texture. In all cases, texture of crumb was considered good, except for the 
loaves containing 12 parts NF DM per hundred of flour. This particular level 
of NFDM invariably produced conditions resulting in coarse cell structure; 
there was a tendency for the dough to pull away from the sides of the baking 
pan, causing sunken sides to the baked loaf and undesirable cores at the sides 
immediate!y under the break. 

To get the best results when bread containing high percentages of dry milk 
is made, it is generally necessary to increase the fermentation time, due to the 
increased buffering capacity resulting from the added milk solids. If this 
adjustment had been made, the bread containing 12 parts NFDM/100 of flour 
might have been better than reported (2). 

Grain and cell structure. The loaves that contained 12 parts NFDM per 
hundred of flour always showed coarse cell structure with large round cells 
having thick cell walls. Those that contained the highest level of NFDM had a 
close grain. The cells were uniform and they had a thin wall structure. 

Flavor and eating quality. As the nonfat milk solids level was increased, a 
distinct milk flavor became more pronounced and at the highest level was out- 
standing without being objectionable. This bread had a rather firm, but tender, 
texture and an excellent eating quality. 
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Mixing time. With increasing nonfat milk solids, the mixing time including 
proper dough development was extended, as might be expected. It was found 
that small additions of dough-softening agents would materially reduce the total 
mixing time. Cysteine HCl, 20 mg/900 g. flour solids, was effective in this 
respect without any harmful effects. 

Dough quality. Nonfat milk solids, except for the highest level, improved 
handling quality of the doughs. At the highest level a certain plastic quality, 
which was not extreme, always developed. It caused no difficulty in loaf molding 
or other operations. 

Baking time. To prevent excessive browning of the crust, and vet obtain 
thorough baking, the loaves that contained 12 and 25 parts of NFDM/100 of 
flour were baked at a 50° F. lower temperature for an additional 10 min. In a 
commercial operation some adjustments could be made because of the smaller 
loaves and excessive browning. 

From the above, it is evident that the highest milk-protein bread compared 
favorably with other levels of NF DM bread when baked under the modified con- 
ditions. In some respects bread having a level of 25 parts of nonfat milk solids 
based on the flour would be considered a specialty bread, which might be ex- 
pected to require wide variation from accepted bread-manufacturing procedure. 
However, our results were obtained following a production schedule with small 
variations, regardless of milk solids level. 

Use of dry whole milk in high milk-protein bread. Since dry whole milk 
contains the fat component that is generally recognized as primarily responsible 
for improved flavor in milk products, it was desirable to determine if high milk- 
protein bread could be produced using dry whole milk. Satisfactory results were 
obtained with the formula, modified so that the dry whole milk was the only 
source of fat. The percentage of milk fat associated with the 25 parts nonfat 
milk solids level was approximately eight, based on flour weight. This is an ex- 
tremely high level and its effect on the finished bread was distinct. The making 
characteristics of high milk-protein bread using dry whole milk were the same 
as those with NF DM; volume of the finished bread was about 5% lower than 
the control water bread, while a readily noticeable difference was an alteration 
in flavor and odor of the bread. At low levels of milk solids in the bread, it was 
difficult to distinguish the NF DM from the dry whole milk bread, but at the 
25 parts level the difference was unquestionable. Direct comparison of slices of 
bread of each type permitted identification of the source of milk solids without 
error, while a comparison of flavor differences was less reliable. The use of dry 
whole milk in producing 25 parts nonfat milk solids bread also resulted in an 
improvement in crust color. The brown color of the bread was several shades 
lighter and the bread had a more uniform, toast-brown color. Increasing the 
level of fat to eight with shortening did not effect the same result, although the 
equivalent amount of butter oil added separately from the milk solids seemed 
equally effective. The explanation of this has not been determined. 

Acceptance of high milk-protein bread. To test acceptance of high milk- 
protein bread on a limited seale, loaves of experimentally produced NFDM bread 
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were supplied to laboratory personnel. The bread was sliced by machine and 
delivered in plastic bags for use in any manner in which bread was consumed in 
the home. It was supplied on four days, and voluntary comments were recorded 
on the day following delivery. From the seven to nine families to whom the 
bread was supplied, unanimously favorable opinions were returned with varying 
degrees of enthusiasm. Excellent flavor, good toasting properties, and firm 
chewing quality were the terms most frequently used in describing what the 
consumers liked in their sample loaves. Although it had been anticipated that 
there would be objections to the somewhat deeper creamy color of the crumb and 
to the heavy crust color, in no case were these qualities mentioned adversely. All 
of the personnel apparently recognized that the test bread was a specialty type, 
and no direct comparisons with standard commercial loaves were required or 
made. It was interesting to note that the number and size of crumb irregularities 
in the sliced bread apparently meant a great deal to these consumers. Such 
properties are predominantly controlled by the molding operation and can be 
corrected. Most of the test consumers were able to detect flavor differences when 
the bread contained dry whole milk, although exact differences were difficult 
to describe. 

Nutritive value of high milk-protein bread. To obtain a comparison of the 
nutritive value of the protein in bread containing 25 parts NFDM_/100 of flour, 
with the protein in bread containing four parts NFDM/100 of flour, the rat 
growth method was used (3). Standard techniques and procedures were followed 
in which equal amounts of nitrogen from the bread sources were fed at a level 
of 1.455% of the diet, for a period of 4 wk., and the nitrogen efficiency ratios 
were determined. With the nitrogen efficiency ratio of a casein standard at 100, 
the comparative value for the protein in the higher milk-protein bread reached 
49; whereas, it was only 26 in the bread containing the lower amount of NF DM." 
Thus, the nutritive quality of the protein contained in the highest milk-protein 
bread was almost twice that of the standard, or reference, white bread. 

* The authors wish to express appreciation to Dr. Leo Friedman of the Nutrition Division 
of the U. S. Food and Drug Administration for conducting the nutritional studies connected 
with this investigation. 
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BOVINE SEMEN METABOLISM. II]. EFFECT OF FRUCTOSE 
CONCENTRATION, FRUCTOSE PER SPERM, AND SEMINAL 
PLASMA FACTOR ON FRUCTOLYSIS ! 


M. FREUND,’ J. P. MIXNER, anp R. E. MATHER 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


A 4 x 2° balanced incomplete block factorial design was used to determine the effect 
of added fructose (total of four levels), fructose per sperm, and seminal plasma factor 
on fructolysis. Increased fructose concentration in the medium markedly increased 
fructose utilization at 20, 60, and 120 min. of incubation at 37° C. Increased total 
fructose per sperm also resulted in greater fructose utilization. Regressions of fructose 
utilization on logarithm of initial fructese in the incubation fluid differed among ejaculates, 
possible due to bull differences. There was no apparent effect of any seminal plasma 
factor on fructolysis other than its fructose content. The fructolysis coefficient (Kv) 
was unaffected by any of the treatments in this study, which gave further support to 
the possible usefulness of this method for comparing the metabolie activity of semen 
samples. 





The factors influencing the fructolytic activity of bovine semen have not 
been investigated extensively. Anderson (1), Bishop et al. (2), Erb et al. (4), 
and Hopwood et al. (8) have reported significant correlation between sperm 
concentration and various measures of fructolysis in bull semen. However, the 
influence of initial fructose level on fructose utilization was not examined until 
recently, when Freund and Mixner (5) and Freund et al. (6) found that both 
sperm concentration and initial fructose level influenced fructose utilization in 
bull semen. They also found that the addition of fructose to incubated semen 
samples resulted in marked increase in fructose utilization. 

Mixner et al. (10) proposed a fructolysis coefficient which was defined as the 
fractional decline in sperm fructolytic activity per minute on an instantaneous 
basis. Freund et al. (6) demonstrated that this fructolysis coefficient was inde- 
pendent of both sperm concentration and initial fructose level and suggested 
that it might be a useful measure of fructolysis. 

The purpose of this study was to examine the effect of adding fructose to 
buffered bull semen and to determine the nature and extent of the resultant 
increase in fructose utilization. 

At the same time, it was considered advisable to study the concept of total 
fructose per sperm. The initial fructose level may be considered either in terms 
of milligrams per milliliter (fructose concentration) in the incubation fluid or 
in terms of total fructose per sperm. The usual methods of semen dilution with 
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citrate result in an equal percentage decrease both in sperm concentration and in 
fructose concentration, with the result that fructose per sperm remains un- 
changed. However, dilution with a sodium citrate diluent containing fructose 
results in a decrease in sperm concentration without a corresponding equal 
percentage decrease in fructose concentration, with the result that fructose 
per sperm is increased. Also, dilution with sperm-free seminal plasma, prepared 
from the same ejaculate, results in a decrease in sperm concentration ; whereas, 
fructose concentration remains constant, with the result that fructose per sperm 
is increesed. These differences in dilution technique have not been adequately 
studied and it was decided to plan a factorial design in which the effects of both 
fructose concentration and fructose per sperm might be examined. 

The role of the seminal plasma as a possible source of factors other than 
fructose, which might influence fructolysis, has not been determined. Accord- 
ingly, sperm-free seminal plasma was used as one of the constituents of a diluent 


in this study, to determine whether a seminal plasma factor effect existed. 


EXPERIMENTAL PROCEDURES 

Twelve semen samples were used in a split-ejaculate 4X 2° balanced in- 
complete block factorial design, as outlined by Cochran and Cox (3). This 
incomplete design was used because single-ejaculate volume was insufficient for 
a complete replicate. Therefore, an ejaculate from one bull was used for eight 
of the 16 treatments in a replicate, whereas an ejaculate from a second bull 
was used for the eight other treatments in the replicate. 

The treatments examined in the design were: 

A—Fructose concentration, four levels 


3—Fructose per sperm, two levels 


‘ 


~ 


—Seminal plasma factor, two levels 

ach incubation tube contained 0.25 ml. raw semen, 2.0 ml. of a Factor A 
diluent, and 0.25 ml. of a fluid for differentiating Factors B and C. 

The Factor A diluent was a 2.9% solution of sodium citrate dihydrate con- 
taining enough fructose |Pfanstiehl D(—) levulose, special] to increase the 
concentration of fructose in the incubation fluid by approximately 50% over 
the preceding level, the actual levels being as shown in Table 1. The effects of 
Factor A were subdivided into linear (A;,), quadratic (Ag), and cubie (Ac) 
terms, to determine whether the assumption of a proportional or logarithmic 
relationship was valid. 

Additional fluids for studying Factors B and C, across all levels of A, were: 

I—0.25 ml. 2.9% sodium citrate 
LI—0.25 ml. raw semen 
[1I—0.25 ml. 2.9% sodium citrate solution containing fructose approxi- 
mately equivalent to the content of seminal plasma (4 mg. per 
milliliter ) 
[V—0.25 ml. sperm-free seminal plasma 


For the B comparison, the fructose per sperm was at the usual level in I 
and II (Bo) and at double that level in III and IV (B,). Similarly, for the C 
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TABLE 1 
Effect of fructose concentration, total fructose per sperm, and 
seminal plasma factor on fructolysis 


Treatments Fructose utilized by 10° sperm in: 
A Initial 
ruetose B and (¢ fructose in 
in Subtreat incubation Fruetolysis 
citrate ments fluid 0-20 min. 0-60 min, 0-120 min, coefficient 
ma/ml) (mg/ml) (mg.) (Kv) 
\y 
0 iy 0.46 0.28 0.87 1.42 0.0099 
0 Il' 0.83 0.77 1.25 1.76 0.0160 
i) III 1.00 0.50 1.34 2.16 0.0095 
0 [v" 1.11 0.47 119 1.92 0.0071 
Means O85 0.50 1.14 1.82 0.0106 
A 
0.50 ky 0.94 0.49 La 1.83 0.0101 
0.50 II” 1.11 0.62 1.38 2.14 0.0128 
0.50 III‘ 1.52 0.66 2.10 3.46 0.0074 
0.50 Iv? 1.52 1.07 » 06 3.30 0.0097 
Means 1.27 0.71 1.68 2.68 0.0100 
\ 
1.50 [* 1.58 1.09 1.87 3.11 0.0064 
1.50 [T° 1.97 0.50 1.46 2.57 0.0051 
1.50 HT 2.24 0.73 2.14 3.54 0.0064 
1.50 Ey" 2.30 1.12 2.80 4.03 0.0138 
Means 2.02 0.86 2.07 3.3 0.0079 
A 
3.00 [* 2.70 1.20 2.87 4.64 0.0059 
3.00 thy 3.51 1.09 2.87 4.12 0.0120 
3.00 IIT 3.28 1.40 2.60 4.51 0.0081 
3.00 Iv? 3.43 1.24 2.8] 4.65 0.0106 
Means 3.23 1.23 2.75 4.48 0.0092 
Subtreatment comparisons 
Fructose per sperm (B) 
Bo Mean of I and IT 0.76 1.72 2.70 0.0098 
B, Mean of IIIT and IV 0.90 2:12 3.45 0.0091 
Difference (Bi — Bo) 0.14 0.40 0.75 0.0007 
Seminal plasma factor (C) 
(, Mean of I and ITI 0.79 1.87 3.08 0.0080 
C, Mean of II and IV 0.86 1.97 3.06 0.0109 
Difference (Ci — Co) 0.07 0.10 0,02 0.0029 


*7]—0.25 ml. sodium citrate only. 

" TI—0.25 ml. additional raw semen, 

* TII—0.25 ml. sodium citrate plus fructose approximately equivalent to content of seminal 
plasma (4 mg/ml). 

“TV—0.25 ml. additional sperm-free seminal plasma, 
comparison, I and III (Cy) have seminal plasma from 0.25 ml. semen, whereas II 
and IV (C,) have double that level of seminal plasma (disregarding sperm 
content ). 

In this incomplete block factorial design, the A;BC interaction was con- 
founded in Replicate 1, the AjBC interaction in Replicate 2, and the A; BC 
interaction in Replicate 3. 

The sperm-free seminal plasma for IV was prepared by centrifugation 
through Boerner Centrifugal filters containing Seitz filter dises. Samples were 
prepared for the determination of fructose as outlined by Freund et al. (6) 
and fructose concentration was determined photometrically, using the method 
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of Roe (11) as modified by Erb et al. (4). Fructose utilizations were deter- 
mined after 20, 60, and 120 min. of incubation in a 37° C. water bath. 

The fructolysis coefficient (Ky) was calculated by the method of Mixner 
et al. (10), using the 0-60 and 60-120 min. incubation periods. 

Statistical analyses of the data followed the standard methods, as presented 
by Snedecor (13). 

RESULTS AND DISCUSSION 

Mean sperm concentration for these semen samples was 1.340 billions per 
milliliter semen and mean initial fructose level was 4.24 mg. per milliliter. 

Fructose addition markedly stimulated the utilization of fructose by sperm 
at all the incubation times (Table 1). The mean utilization values at all of the 
initial fructose levels indicated that utilization continued to increase over a 
four-times range of fructose concentration. Thus, each fractional or percentage 
increase in initial fructose level was accompanied by a similar milligram increase 
in fructose utilization. 

An analysis of variance of these data is presented (Table 2). The fifteen 
degrees of freedom for treatments were partitioned into single degrees of free- 
dom and each was tested individually, as indicated. Fructose concentration was 
highly significant in the linear term (A;,), but the curvilinear terms (Ag and 
Ac) were not significant, which indicates that within the range of a four- 
times increase in initial fructose level, fructose utilization was proportional to 
log of fructose concentration. 

The effect of fructose per sperm, Factor B, was apparent at all levels of 
fructose concentration, Factor A, although there was less effect at As, than 


TABLE 2 
Analysis of variance of fructose utilization data 
Mean square 
Degrees 
Source of of Fructose utilized by 10° sperm in: 
variation freedom 0-20 min. 0-60 min. 0-120 min. Ki 


(symbol) 


Days D 5 1.563** 8.977** 26.421** 0.000019 
Ejaculates in days E(D 6 1.057** a.7ee"* 7.216** 0.000140* 
Treatments yi 15 
Fruetose conecntration A 
Linear Au 1 6.503** 32.688** 89.045** 0.000051 
Quadratic Aw l 0.156 0.138 0.552 0.000021 
Cubie Ax l 0.093 0.226 0.719 0.000027 
Fructose per sperm 3 ] 0.492 4.192* 13.440** 0.000012 
A X B interaction AB 3 0.129 1.268 1.694 0.000093 
Seminal plasma factor Cc ] 0.105 0.160 0.013 0.000206 
A X C interaction AC 3 0.275 0.008 0.084 0.000007 
B X C interaction BC 1 0.178 0.119 0.160 0.000006 
A X B X C interaction 
Linear ALBC ] 2:370°* 6.847** 14.175** 0.000078 
Quadratie AeBC 1 1.999** 3.0634* 5.417 0.000138 
Cubie AcBC ] 0.000 1.130 1.871 0.000038 
Residual 69 0.222 0.702 1.635 0.000054 


Total 95 


* Significant (P<0.05). 
** Highly significant (P<0.01). 
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would be expected. The average effect of Factor B, based on 120-min. fructose 
utilizations (Table 1), was B, — By = 3.45 — 2.70 = 0.75 mg. fructose utilization 
increase at the higher level of fructose per sperm. This effect was highly 
significant (Table 2). The effect of the seminal plasma factor was C, — Cy = 
3.06 — 3.08 = —0.02 me. fructose utilization (Table 1), which difference was not 
significant. 

The A,BC interaction, calculated from those samples where it was not 
confounded, was highly significant at all of the incubation times (Table 2). 
Further statistical examination of this interaction was made by repartitioning 
the degrees of freedom for Treatments. This resulted in a comparison of 
AB ,C vs. AB,C (the interaction of AC at different levels of B) in the linear, 
quadratic, and cubic terms. This comparison was not significant at any of 
the incubation times. Further evaluation of the ABC interaction must await 
an experiment designed to yield an ABC term which is not confounded with 
bulls within replicate. 

The fructolysis coefficient (A) was not influenced by any of the treatments 
in this study (Table 2), which lends support to the proposal of Mixner et al. 

10) that the fructolysis coefficient (A,-) is independent of initial fructose level. 

Regression coefficients were calculated for each ejaculate for each time of 
incubation, to show the relationship between fructose utilization and the loga- 
rithm of initial fructose concentration in the incubation fluid (Table 3). The 
regression coefficients differed among the ejaculates (P<0.01) ; therefore, aver- 
age regression equations would not be very useful for prediction purposes. 
The individual coefficients ranged from 0.97 to 11.29 for the 120-min. data. It 
is possible that these differences among ejaculates represent mainly bull differ- 
ences. Four of the bulls had two ejaculates each. The two ejaculates of Bull 
H102 had the second- and third-ranking regressions; the regressions of Bull 
H104 ranked sixth and seventh, and those of Bull H87 ranked eighth and 


TABLE 3 
Regressions of fructose utilized per billion sperm on the logarithm of initial fructose 
concentration in the incubation fluid and their standard errors 


Regression coefticients and standard errors 





P 0-20 min. 0-60 min. 0-120 min. 
Bull Ejaculate —— on ——____—___—_ 
No. No. b Sp b Sb hy Sb 
H65 ] 0.29 0.42 1.05 0.52 1.65 1.24 
H74 1 6,73** 0.19 2.30* 0.80 3.37" 1.30 
H88 ] 0.47 0.27 0.77" 0.23 1430** 0.29 
H101 ] aia" 0.68 6.85** 1.05 13.30"* 1.60 
H87 ] 0.59 0.47 1.16* 0.32 1.88* 0.54 
2 0.68* 0.38 0.14 1.07 2.00 0.90 
H102 ] 1.23* 0.37 3.42* 0.92 5.66* 1.79 
2 2.91 1.31 6.70* 2.65 9.81 4.20 
H104 l 0.83 0.37 Pe a 0.31 2.05** 0.46 
2 ia" 0.34 35*°* 0.85 3.8 1.08 
H105 l 0.64 1.06 2.53 1.53 4.26* 1.60 
9 0.02 0.95 0.54 0.86 0.97 0.92 
Mean (within ejaculate ) 0.99** 0.51 2.23 


= 0.91 3.69** 1.37 


* Significant (P<0.05). 
** Highly significant (P<0.01 
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ninth, showing a certain degree of repeatability. Even though the two regres- 
sions of Bull H105 ranked fourth and twelfth, the difference between them was 
no greater than between the two regressions of Bull H102. 

There was a fairly close correlation among the regressions obtained at the 
different time intervals, though some marked changes in rank were observed. 

The explanation of these differences is not apparent but, even with the limited 
repeatability, it seems that the differences are probably associated with the bull 
from which the semen came. It is suggested that if such differences are verified 
in further studies, the response to added fructose might be a useful measure of 
differences in semen quality. 

The marked increase in fructose utilization, during all of the time intervals. 
at all of the added fructose levels, supports the highly significant correlation 
reported between initial fructose level and fructose utilization by Freund et al. 
(6), and confirms their conclusion that the initial fructose level influences the 
fructolysis of bovine semen. This conclusion is in agreement with the resuits 
reported in other systems. Roetth (12) showed, in a study on the isolated ciliary 
processes of beef eyes, that an increase in the concentration of fructose or of 
glucose in the perfusing medium, in the range of 0-200 mg. %, markedly in- 
creased the anaerobic lactic acid production. Fridhandler and Quastel (7) 
demonstrated that the rate of fructose absorption from isolated guinea pig intes- 
tine increased with increase in the concentration of fructose perfusing the lumen. 
Martin et al. (9) concluded that the aerobic lactic acid production of human 
polymorphonuclear leukocytes, suspended in Hanks-fructose solution, was pro- 
portional to the fructose concentration in the range 0-400 mg. %. 

The problem of how added fructose increases fructose utilization, as demon- 
strated in this study, is an interesting one. Certainly, in those samples where 
the initial fructose level was insufficient to support extended metabolic activity, 
the addition of fructose increased utilization by making up the deficit. How- 
ever, added fructose increased utilization, even at 20 min., as well as at 60 aad 
120 min. Furthermore, fructose addition increased utilization even in those 
samples with relatively low sperm concentrations and high initial fructose levels, 
where fructose could not have become a limiting factor within 120 min. Evi- 
dently, the addition of fructose causes an increased rate of movement of the 
sugar into the sperm e¢ell, with a resultant increase in the rate of fructolysis. 
Fructose level or substrate concentration may, therefore, be considered to be a 
rate-controlling factor in such a system. 

The fructose-per-sperm hypothesis is an attempt to describe fructose level 
in terms of its relationship to the number of sperm present, and to assess its 
role as a rate-controlling factor, particularly during longer periods of incubation. 
The use of such a term would seem to present a more adequate basis for the com- 
parison of the effect of fructose level on the fructolysis of individual semen 
samples with very different sperm concentrations, particularly those samples 
with very high sperm concentrations and low fructose levels. The results of this 
study would seem to justify further investigation of the fructose per sperm 


concept. This might be accomplished by a dilutien experiment in which the 
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diluent would be sperm-free seminal plasma, with the result that initial fructose 
level in milligrams per milliliter (substrate concentration) would remain un- 
changed while fructose per sperm was varied. 

Although there was no evidence in this study of a plasma factor affecting 
fructolysis, no final conclusion can be drawn until a more critical experiment 
using seminal plasma reversal techniques, i.e., the incubation of sperm in seminal 
plasmas from other bulls, is made. 

The fructolysis coefficient (A,) of Mixner et al. (10) has been shown to be 
independent of the effect of added fructose in this study and in a previous 
study by Freund et al. (6). This indicates that although the amounts of 
fructose utilized were greater at the higher fructose levels, the ratio between 
the first- and second-hour utilizations remained unchanged, i.e., the added 
fructose increased utilization proportionally in both the first and second hours. 
This suggests that fructose might be routinely added to all incubated bull 
semen samples and that the fructolysis coefficient (Ky) would be useful in 
comparing the metabolic activity of semen samples. 
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BOVINE SEMEN METABOLISM. IV. EFFECT OF ADDED HORMONES 
AND AMINO ACIDS ON FRUCTOLYSIS ! 


M. FREUND? anp J. P. MIXNER 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


A total of 46 semen samples was used to determine the effects of the addition of the 
hormones, epinephrine, insulin, thyroxine, and triiodothyronine, and of the sulfhydryl- 
containing amino acids, ergothioneine and cysteine, on fructolysis in bull semen. A 
control tube and three tubes with the selected levels of compound addition and semen 
were incubated at 37° C. in a 2.9% sodium citrate buffer, and fructose utilizations were 
determined at 60 and 120 min. Epinephrine addition (4-100 yg. per milliliter) resulted 
in an inhibition of fructolysis during the 0- to 60-min. period, with a return to the control 
level during the 60- to 120-min. period. There was no apparent effect of insulin (4-100 
ug. per milliliter) ; thyroxine (0.04-1.00 yg. per milliliter) ; triiodothyronine (0.008-0.200 
ug. per milliliter); ergothioneine (4-100 yg. per milliliter), or cysteine (4-100 yg. per 
milliliter) on fructose utilization. 


The role of a number of the factors influencing certain measures of fructolysis 
has been studied (4,5, 6,7,14). The in vitro response in fructolysis to the ad- 
dition of hormones that regulate carbohydrate metabolism in vivo might be a 
useful tool in learning more about the characteristics of this system. 

Although the effects of hormones on the in vitro carbohydrate metabolism of 
many tissues have been studied, little has been done with semen. Carter (3) 
found no effect of thyroxine on the Os consumption of rabbit sperm; Lardy and 
Phillips (11) reported that thyroxine inhibited the respiration and stimulated 
the glycolysis of washed bull sperm; Schultze and Davis (16) determined that 
thyroxine caused a slight increase in the respiration of bull sperm; and, more 
recently, Gassner and Hopwood (8) reported that thyroxine or triiodothyronine, 
in low concentration, stimulated respiration and, in high concentration, depressed 
both the respiration and fructolysis of bull semen. Brochart (1,2) identified 
epinephrine and norepinephrine in equal concentrations of 1 ng/ml in bull semen 
and maintained that bull sperm oxidize added epinephrine and norepinephrine 
to adrenochrome and noradrenochrome and that these substances inhibit both 
elycolysis and respiration. 

The protective influence of sulfhydryl (SH) compounds against the inhibi- 
tory effect of SH-binding substances on motility and metabolism has been demon- 
strated by MacLeod (12) with human sperm, by Mann and Leone (13) with 
boar sperm, and by Johnson eft al. (10) with bull semen diluted with unheated 
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skimmilk. Mann and Leone (13) also suggested that ergothioneine was beneficial 
to the fructolysis of ram semen. 

The purpose of this study was to examine the effects of added hormones 
on fructolysis, also to determine whether sulfhydryl compounds have a direct 
effect on the fructolysis of bull semen, exclusive of their protective action. 


METHODS 

Forty-six semen samples, diluted with 2.9% sodium citrate dihydrate buffer, 
were used in a split-ejaculate study to determine the influence of the hormones, 
epinephrine, insulin, thyroxine, and triiodothyronine, and of the sulfhydryl- 
containing amino acids, ergothioneine and cysteine, on fructolysis. The epineph- 
rine hydrochloride (Upjohn), insulin (Squibb, Zn = 0.0069% ), L-ergothioneine 
hydrochloride (Mann), and cysteine hydrochloride (Fisher) were found to be 
soluble in the 2.9% citrate in the concentrations used. However, the sodium 
L-thyroxine pentahydrate and the L-triiodothyronine sodium (Smith, Kline, and 
French) were not soluble in the citrate, and were dissolved in small volumes of 
distilled water with the dropwise addition of 0.1 N NaOH. When these were 
made up to volume with sodium citrate dihydrate and distilled water, it was 
found that the compounds remained in solution and that there was no measurable 
change in the final pH of the 2.9% sodium citrate dihydrate buffer. 

A control tube and three tubes with the selected levels of compound addition 
were incubated for each ejaculate and the semen in each tube was diluted 1:4 
with the appropriate citrate buffer. Each successive level of compound addition 
was a five-times increase over the preceding level. The buffered semen samples 
were incubated for 2 hr. at 37° C. and fructose utilizations were determined after 
60 and 120 min., as previously described (5). 


RESULTS AND DISCUSSION 

Epinephrine. The inhibition of fructolysis by added epinephrine was ap- 
parent (Table 1) and the inhibitory effect was significant in the linear term 
(Table 2). Apparently, the entire inhibitory effect was exerted in the 0- to 60- 
min. incubation period and the mean utilizations of the treated tubes returned 
to the control level in the 60- to 120-min. period. The significant linear term for 
treatment (Table 2) indicates that the inhibitory effect was proportional to the 
concentration of epinephrine, and the significant time X treatment interaction 
confirms the observation that the inhibition was present only during the 0- to 60- 
min. incubation period. 

These data are in agreement with the observations of Brochart (1,2) and 
indicate that the epinephrine was reduced and became inactive sometime during 
the course of the first hour of incubation at 37° C, 

Insulin. There was no apparent effect of added insulin, within the range of 
concentration used, on fructose utilization (Tables 1 and 2). This is in agreement 
with the studies of Wick et al. (17, 18) and Nakada and Wick (15), who reported 
that insulin increased the intracellular transfer of glucose, mannose, and galac- 
tose in isolated rat diaphragm and in rabbit extrahepatic tissue, but had no 
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effect on fructose transfer in these systems. Recently, Gassner et al. (9), In a 
brief report, claimed that the addition of 0.66 pg. insulin per milliliter of bull 
semen, diluted 2:1 with phosphate, resulted in a 14% increase in ‘‘the rate of 
fructolysis’’ at 1 hr. and that this was significant (P < 0.05). In this study, 
the addition of insulin (4-100 pve. per milliliter incubation fluid) did not result 
in a significant increase in fructose utilization. Although the addition of 100 yg. 
insulin per milliliter incubation fluid resulted in an increase of 16% in fructose 
utilization (Table 2), this was not statistically significant. Evidently, the vari- 
ability in fructose utilization ‘‘among ejaculates”’ in the study by Gassner et al. 
9) was of a much lower order than in this study. 

Thyroxine and triiodothyronine. In an effort to put thyroxine and triiodo- 
thyronine addition on a comparable basis, triiodothyronine was added in the 
range of 0.008—0.200 pg. per milliliter incubation fluid, whereas thyroxine was 
added in the range 0.04-1.00 ng. per milliliter incubation fluid, with the result 
that a ratio of 5:1 (thyroxine triiodothyronine) was maintained at each level 
of addition (Table 1). There was no apparent effect of thyroxine or of triiodo- 
thyronine (Tables 1 and 2) on fructose utilization. These results are not directly 
comparable with those of Gassner and Hopwood (8), who added much higher 
concentrations of thyroxine and triiodothyronine, dissolved in ethanol. 

Ergothioneine and cysteine. There was no apparent effect either of ergothio- 
neine or of cysteine (Tables 1 and 2), in the range of material added, on fructose 
utilization. 

TABLE 1 
Effect of various hormones and amino acids on fructose utilization 


Dosage, per 
milliliter 





incubation Semen Fructose utilized in: 
Treatment fluid samples 0-60 min. 60-120 min. 0-120 min. 
(ug.) (No.) ———(mg/ml semen )——————— 
Epinephrine 0) AY 1.84 1.19 
} 1.69 0.98 
20 1.20 1.09 
100 0.36 1.17 
Tnsulin 0 7 1.00 1.00 
4 1.31 0.67 
20 1.34 0.90 
100 1.60 0.72 2.32 
L-Thyroxine 0 S 1.62 0.97 2.59 
0.04 1.68 1.03 2.71 
0.20 1.97 O.88 2.85 
1.00 1.88 0.83 2.71 
L-Triiodothyronine 0 9 1.82 0.75 2.57 
0.008 1.68 1.29 2 97 
0.040 1.82 0.97 2.79 
0.200 137 O84 bt | 
Ergothioneine 0 9 1.70 0.89 2.59 
+ 1.75 1.15 2.80 
20 1.70 1.38 3.08 
100 1.8] 0.75 2.56 
Cysteine 0 } 1.98 0.76 2.74 
4 1.46 0.74 2.20 
20 1.9] 0.72 2.63 
100 1.97 0.73 2.10 
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BOVINE SEMEN METABOLISM. V. INFLUENCE OF INCUBATION 
TEMPERATURE ON CERTAIN MEASURES OF FRUCTOLYSIS ! 


M. FREUND, J. P. MIXNER, anp R. E. MATHER 


Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


Twenty bull semen samples were used to determine the effects of incubation tem- 
perature and length of incubation period on fructolysis. Split ejaculates were incubated 
at 27, 37, and 47° C. and fructose utilizations were determined at 60, 120, and 180 min. 
Increase in temperature of incubation resulted in increased utilization, but had no effect 
on the fructolysis coefficient (Av). For every 1° C. increase in incubation temperature, 
there was a 4.220% inerease in fructose utilization and a 3.84% increase in maximum 
fructose utilization (MFU). The role of fructose as a rate-limiting factor was suggested 
by its effect on the 2nd- and 3rd-hr. fructose utilizations at 47°C. The routine addition 
of fructose to all incubated semen samples was suggested, to prevent fructose concen- 
tration from becoming a rate-limiting factor. 





The use of certain measures of fructolysis in the evaluation of semen quality 
has been suggested, and the factors influencing these measures have been de- 
scribed previously (3, 4, 5,8). The response in fructose utilization as a function 
of incubation temperature and length of incubation period are important con- 
siderations in devising in vitro methods for measuring semen quality based on 
fructose utilization. 

Moore et al. (10) and Moore and Mayer (9), working with unbuffered ram 
semen, showed that glycolysis was absent at 0° C. and that it increased rapidly 
in the range 11—45° C. Gladcinova (6) reported that the glycolysis and respira- 
tion of ram sperm were closely related to temperature in the range 0-20° C. 
Mann 


30-37° C., but only after two or more days at 5-10° C. Recently, Blackshaw 


7) noted that ram sperm exhausted their substrate in a few hours at 


et al. (1) compared the fructose and oxygen consumption of bull semen at 37, 
21, and 5° C. and found that there was a greater decrease in the rate of frue- 
tolysis from 37 to 21° C. than from 21 to 5° C, 

The purpose of this study was to define more closely the relationships among 
the temperature of incubation, the length of incubation period, and certain 
measures of fructolysis. 


METHODS 


Twenty semen ejaculates were used in a split-ejaculate study in which three 
samples from each ejaculate were diluted 1:4 with 2.9% sodium citrate dihy- 
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drate buffer in stoppered incubation tubes and incubated for 3 hr. in constant 
temperature baths at 27, 37, and 47° C. 

Samples were prepared for fructose determination as previously reported 
(4), fructose concentrations were determined initially and after 1, 2, and 3 hr. of 
incubation by the method of Roe (11) as modified by Erb et al. (2), and fructose 
utilizations were calculated for each of the 3 hr. of incubation. The fructolysis 
coefficient, or fractional decline, in sperm fructolytic activity per minute (K_), 
and the maximum fructose utilization, or milligram fructose, utilized by 10% 
sperm in 1 min. at zero incubation time (MFU), were calculated by the methods 
of Mixner et al. (8), using the fructose utilizations for the 0- to 60- and 60- to 


120-min. incubation periods. 
RESULTS AND DISCUSSION 

Mean sperm concentration was 1.068 < 10° per milliliter semen, and mean 
initial fructose level was 4.27 mg. per milliliter. 

With rise in incubation temperature, the fructose utilization increased (Table 
1). The linear terms for temperature were highly significant for the intervals 
0-60, 60-120, and 0-180 min., but for the 120- to 180-min. interval the linear 
term was not significant (Table 2). The very low quadratic terms indicated that 
in the range 27-47° C. the relationship between fructose utilization and tempera- 


ture of incubation might be considered to be linear. The maximum fructose 


utilization (MFU) also increased in a linear fashion with the increase in temper- 


TABLE 1 


Effect of incubation temperature on measures of fructolysis 


; Fructose utilized in the various time periods 
Incubation 


temperature 0-60 min. 60-120 min. 120-180 min. 0-180 min. Ky MFU 
ee. (mg. per ml. of semen) — — (mg.) 

27 0.77 0.41 0.32 1.50 0.0105 0.0168 

37 1.17 0.65 0.46 2.28 0.0098 0.0250 

47 1.70 0.96 0.48 3.14 0.0095 0.0362 


TABLE 2 
Analysis of variance of the effeet of incubation temperature on 
fructose utilization 


Mean squares and degrees of freedom 


: es ain Ejaculates 
Fructose utilization 
measures 
Degrees of freedom 19 
Fructose utilizations 
1.1401" 


0.2261 


0-60 min. 


60-120 min. 


Temperature 


120-180 min. 
0-180 min. 
Ky 
MFU 


* Statistically 


0.1322 
1.9644" 
0.000486 * 
0.000789" 


significant (P<.01). 


Linear Quadratic 
l l 
8.5470" 0.0559 
3.6663 * 0.0445 
0.2418 0.0385 


28.4091 * 
0.000019 


0.003711" 


0.0630 
0.000048 
0.000031 


EXT 


interaction 


38 


0.2130 
0.1768 
0.0724 
0.4521 
0.000240 
0.000247 
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ature, but there were no apparent effects on the fructolysis coefficient (Ky). 
Although the amounts of fructose utilized per hour were greater at the higher 
temperatures, the ratio between the Ist- and 2nd-hr. utilizations remained un- 
changed at the different incubation temperatures. Thus, with the increase in 
temperature, there was about the same proportional increase in fructose utiliza- 
tion in both the Ist and 2nd hr. 

To obtain an increase in the A;, it would have been necessary for the utiliza- 
tion in the 2nd hr. to have increased proportionately less than during the Ist hr., 
as a result of the temperature increases. This might be expected if (1) there 
were a greater rate of sperm inactivation during the Ist hr. as a result of the 
higher temperature, and/or (2) there were a sufficiently greater fructose utili- 
zation during the Ist hr. to reduce the fructose level to a point where it would 
become a rate-limiting factor during the 2nd hr. Evidently, neither of these 
occurred in sufficient degree to affect the fructolysis coefficient. 

Xven though it was previously stated that the relationships of fructose 
utilization and temperature could be considered to be linear on the basis of the 
analysis of variance, when the data were plotted on a semilogarithmic basis it 
was found that an almost perfect fit to a straight line was obtained with the 0- to 
60-min. data (Line B in Figure 1). Using these data, a regression of 0.0422 was 
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obtained (log, fructose utilization on incubation temperature), indicating that 

for every 1° C. increase in incubation temperature there was a 4.22% increase 

in fructose utilization. Similarly, the MFU representing the initial rate of 

fructose utilization, but based on utilization in the Ist and 2nd hr., presented a 

straight line when plotted on the semilogarithmic basis (Line E, Figure 1). In 

this case, the regression was 0.0384. 

The fructose utilization data for 47° C. for the 2nd and 3rd hr. (Lines C and 

D, Figure 1) showed a depression of utilization from that which would have been 

expected on the basis of the 27 and 37° C. values, represented by the extrapolated 

dotted lines. During the 3rd hr. there was practically no increase in utilization 
at 47° as compared with 37°. This might be due to the low level of fructose 
during the 3rd hr. being a rate-limiting, or at least a rate-reducing, factor. If so, 
the routine addition of fructose to the incubation fluid perhaps would overcome 
this problem. 
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METABOLISM OF BOVINE SEMEN. V. EFFECT OF VARIOUS 
DILUENTS ON THE UPTAKE AND METABOLIC 
UTILIZATION OF GLYCEROL-1-C™ BY 
BOVINE SPERMATOZOA !- 


W. T. O’DELL,’ J. O. ALMQUIST, anp R. J. FLIPSE 
Dairy Breeding Researeh Center, Department of Dairy Science, 
The Pennsylvania State University, University Park 


SUMMARY 


The effect of various commonly used semen diluents on the metabolism of glycerol- 
1-C by bull spermatozoa has been studied. Glycerol-1-C“ uptake and utilization by 
twice-washed sperm during incubation under nitrogen for 3 hr. at 37° C. were signi- 
ficantly (P < 0.01) less in skimmilk, homogenized milk, and 1:4 egg yolk—citrate diluents 
than in physiological saline diluent. Sperm in milk diluents metabolized more glycerol 
than did those in egg yolk—citrate. The presence of utilizable substances in milk and egg 
yolk may have been responsible for sparing glycerol utilization. Radioactive glycerol 
was associated with the sedimentable egg yolk solids in a 1:4 egg yolk—citrate diluent. 
Radioactivity was not diminished by washing the solids as many as six times with 
physiological saline-glycerol solution before assay. 





In 1949, British scientists (22) discovered that the addition of glycerol to 
diluted semen made possible the freezing and storage of spermatozoa for months, 
and even years, with maintenance of fertilizing capacity. Although many sub- 
stances have been tested (8,21), glycerol remains the most efficient substance 
known for protecting bull spermatozoa during freezing and storage at low 
temperatures. 

Recent research has shown that the addition of glycerol to diluted bull semen 
maintained at 5° C. prolongs both livability (1, 11, 18, 25, 31) and fertility 
(2,18, 32) of the spermatozoa. Thus, glycerol has assumed a very important 
position in the present-day use of both frozen and liquid semen. The biophysical 
effects of glycerol in protecting spermatozoa during freezing and thawing have 
received considerable attention (12, 14, 15,19). Studies in this laboratory (20) 
and elsewhere (16,17, 29,30) have shown that glycerol can be metabolized by 
spermatozoa. However, no information is available on the effect of various 
commonly used semen diluents on the metabolic utilization of glycerol by bull 
spermatozoa. Correlation of such knowledge with the known biophysical effects 
of glycerol should contribute to a more complete understanding of the beneficial 
effect of glycerol on bull spermatozoa. 
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This paper reports the results of studies on the effect of physiological 
saline, heated fresh skimmilk, heated homogenized milk, and 1:4 egg yolk- 
citrate diluents on the uptake and metabolic utilization of glycerol-1-C™ by 
bovine spermatozoa. 

EXPERIMENTAL PROCEDURE 

Semen used in these trials was collected by means of the artificial vagina 
from dairy bulls housed at the Dairy Breeding Research Center. To provide 
the necessary number of sperm for each of the replicates, 11 to 18 ejaculates 
from seven to ten bulls were pooled. In all replicates, 3.5 X 10% sperm = per 
incubation flask (125-ml. Erlenmeyer flasks) were washed twice with physio- 
logical saline and resuspended in 5 ml. of the proper diluent containing 1% 
glycerol by volume and 5 ye. of glycerol-1-C'*. Duplicate flasks were prepared 
for each treatment. In the egg yolk—citrate diluent, the glycerol replaced an 
equal volume of citrate buffer, while the egg yolk was held constant at 20% by 
volume. One thousand units each of penicillin G and dihydrostreptomycin 
sulfate per milliliter of diluent were added to prevent bacterial interference. 

The diluted semen samples were incubated under nitrogen for 3 hr. at 37° C. 
without agitation. Metabolic activity was determined by measurements of 
(a) C’Os production from glycerol-1-C'™, and (b) sugar utilization and lactic 
acid production by spermatozoa during the incubation period. Spermatozoa 
also were assayed for uptake of glycerol-1-C'. The procedures for recovery 
and assay of C™O. and for measurement of sperm uptake of glycerol-1-C'™ 
have been described previously (10,20). Aliquots for chemical analysis were 
removed initially and after 3 hr. of incubation and deproteinized immediately 
with 10% trichloroacetic acid. Lactic acid was measured by the method of 


sarker and Summerson (4). Sugar determinations were made using Drey- 
wood’s anthrone reagent (7). All colorimetric determinations were made in 


duplicate and were averaged for statistical analysis. Lactate and sugar values 
were calculated as micrograms gained or lost per 10° sperm per 3 hr. at 37° C. 

In all replicates duplicate control samples were prepared prior to incubation, 
by inactivating the spermatozoa with the addition of one drop of 10 VN sulfuric 
acid. 

The statistical treatment of the data was accomplished according to methods 
outlined by Snedecor (27). In all analyses of variance the data for the control 
samples were omitted. 

It was observed that a 1:4 egg yolk—citrate diluent contained sedimentable 
egg yolk solids of sufficient quantity to interfere with the final volume of the 
sperm suspension prepared for assay of radioactivity. Since this might lead to 
erroneous values for sperm uptake of glycerol-1-C', portions of the egg yolk 
diluent were centrifuged twice at 3,000 r.p.m. for 10 min., to remove the sedi- 
mentable solids before adding twice-washed sperm to the diluent. This was 
considered as a separate diluent and will be referred to as centrifuged 1:4 egg 


yolk—citrate diluent. In addition, 5-ml. portions of noncentrifuged 1:4 egg 


— 


yolk—citrate without added sperm were incubated under nitrogen with 5 ye. of 


glycerol-1-C'*, to determine if the sedimentable egg yolk solids incorporated 
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glycerol. After incubation, the solids were prepared for assay of radioactivity 
in the same manner as the sperm suspensions. An additional trial was conducted 
to determine the effect of four, five, and six washings with a saline-1% glycerol 
solution on the radioactivity associated with the egg yolk solids. 


RESULTS AND DISCUSSION 


The effect of various diluents on the uptake and metabolic utilization of 
elycerol-1-C'™ by bull spermatozoa is shown (Table 1). Although some radio- 
active glycerol was associated with the inactivated sperm in the control samples, 
they did not produce an appreciable amount of C“%O. from this substrate. 
Neither was any sugar utilized nor lactic acid produced by the inactivated 
sperm during the incubation interval. 


TABLE 1 
Effect of various diluents on the uptake and metaboli¢e utilization of 
glycerol-1-C"' by bull spermatozoa 


(Average of three replicates ) 





Ratio Ratio 
Specific CO. Lactate 
activity Glycerol Sugar Lactate 
Diluent of CO uptake Uptake loss gain Sugar 
(c.p.m/mg (cep.m/10" (ug/10" (ug/10° 
BaCO;) sperm) sperm) sperm) 
0.9% NaCl 176 395 1.20 11 37 3.36 
Homogenized milk 127 122 1.04 0 236 0.00 
Skimmilk 142 117 1.21 48 225 0.00 
Centrifuged volk-citrate 74 143 0.52 161 390 2.42 
Noneentrifuged yolk-citrate 71 200 0.36 230 158 1.99 


Control in 0.9% NaCl 7 88 10 -23 


Analysis of variance showed a highly significant (?<0.01) difference among 
diluents in respect to CO. production from glycerol-i-C'™. Sperm in the saline 
diluent produced a highly significantly (P<0.01) greater amount of C™Os 
than those in the four other diluents. Also, production of C'™O. by sperm in 
the skimmilk diluent was significantly (P<0.05) greater than that in either 
of the egg yolk diluents. The remaining differences were not significant. 

A highly significant difference (P<0.01) among diluents in respect to up- 
take of glycerol-1-C'™ was due entirely to the higher uptake by sperm in the 
saline diluent than in the four other diluents. 

Thus, both heated milk and yolk-citrate diluents reduced the uptake and 
metabolic utilization of glycerol by bull spermatozoa as compared to those 
occurring in a saline diluent. Although the differences in uptake of glycerol-1- 
C'™ by sperm in milk and egg yolk diluents were not significant, CO. pro- 
duction was greater in milk than in egg yolk diluents. 

Significant differences among diluents were not found with respect to sugar 
utilization during the incubation period. This was primarily the result of highly 
erratic values among replicates obtained for sugar utilization in the two milk 
diluents. Nevertheless, there was a consistent disappearance of sugar in the 








86 W. T. O'DELL, J. O. ALMQUIST, AND R. J. FLIPSE 


two yolk diluents and a very small amount of sugar was utilized by spermatozoa 
in the saline diluent. Sugar utilization in the centrifuged and in the noncentri- 
fuged egg yolk diluents accounted for 41% and 50%, respectively, of the lactate 
vain in these two diluents. Sugar utilization in the saline diluent accounted 
for only 30% of the lactate gain. Since twice-washed sperm were used, there 
was very little sugar available for the sperm in the saline diluent. No sugar, 
as measured by the anthrone test, was utilized by sperm in the two milk diluents. 
Lactose has been found incapable of supporting spermatozoan respiration (13). 
Preliminary results in this laboratory (9) indicate that lactose-1-C™ is not 
metabolized to an appreciable extent by bull spermatozoa, and chemical analysis 
in the present experiment failed to detect any lactose disappearance during the 
incubation interval. 

Considerable quantities of lactate accumulated in both milk and egg yolk 
diluents, while relatively small amounts accumulated in the saline diluent. Sta- 
tistical analysis of these differences showed that lactate gain in the saline diluent 
was significantly (P<0.05) less than that in the two yolk diluents, but not in 
that of the two milk diluents. Lactate gain in the noncentrifuged egg yolk— 
citrate diluent was significantly (P<0.05) greater than that in the two milk 
diluents. The remaining differences among diluents in respect to lactate gain 
were not significant. 

Yolk of the hen’s egg has been reported as having 0.7% of free glucose (23) 
which can be metabolized readily by bull spermatozoa (10). The results of the 
present experiment show that considerable quantities of sugar disappeared dur- 
ing incubation of sperm in the egg yolk diluents. However, sugar utilization 
accounted for only about one-half of the lactate gain in these diluents. There- 
fore, other substances apparently contributed to lactate formation. The possi- 
bility of glycerol as the primary contributing source of the lactate unaccounted 
for as sugar loss appears imminent when examining the ratio C'%O./glycerol 
uptake by sperm in these diluents (Table 1). However, other workers (5, 26, 
28) have noted that egg yolk stimulates respiratory activity of bull sperm. In 
the present experiment, a calculation of the approximate amount of COs. pro- 
duced by sperm in the various diluents showed that about twice as much COs 


= 


BS 


was produced in egg yolk as in milk diluents. Therefore, it would seem that 
more COs from glycerol-1-C™ should have been produced by sperm in the egg 
yolk than in the milk diluents, but this was not the case. 

Substancels|, other than sugar or glycerol, may have contributed to the 
lactate gain in the milk and egg yolk diluents, thereby reducing glycerol-1-C™ 
uptake and utilization by spermatozoa in these diluents. It also is possible that 
spermatozoan metabolism was depressed to a greater extent in milk and egg 
yolk diluents than in a saline diluent. Bishop and Salisbury (6) have shown 
that saline stimulates respiration of bull spermatozoa, whereas phosphate-con- 
taining diluents depress it. Regardless of diluent, however, glycerol was taken 
up by spermatozoa and converted to COs. 

The data presented in Table 2 indicate that the sedimentable egg volk solids 


in a 1:4 ege yolk—citrate diluent, without added spermatozoa, incorporated 
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TABLE 2 
Incorporation of glycerol-1-C" by the sedimentable egg yolk solids in 
a noneentrifuged egg yolk—citrate diluent 


Sedimentable Centrifuged Noneentrifuged 
Replicate egg yolk solids yvolk-citrate yolk-citrate 
(c.p.m/0.5 ml, (e.p.m/O.5 ml, (c.p.m/0.5 ml, 
solids suspension ) sperm suspension) sperm suspension) 
l 367 500 700 
2 350 574 812 
3 212 430 593 
Average 310 502 702 


radioactive glycerol. The apparent higher uptake of glycerol-1-C'™ by sperm 
in noncentrifuged than in centrifuged egg yolk diluent can be explained by the 
additive effect of the radioactivity of glycerol-1-C™ associated with the sedi- 
mentable yolk solids in the noncentrifuged diluent. An additional trial, in 
which the egg yolk solids were washed four, five, and six times with physiological 
saline, vielded radio-assays of 3438, 399, and 353 counts per minute per 0.5-ml. 
suspension of yolk solids, respectively. This indicates that glycerol was bound 
rather firmly to the yolk solids, but it does not reveal whether it was chemically 
bound or simply adsorbed on the surface of the yolk particles. Saroff and Mix- 
ner (24) found that as the level of egg yolk was increased in an egg yolk— 
citrate diluent, a corresponding increase in the level of glycerol needed for 
optimum freezability of bull spermatozoa also was necessary. They postulated 
that egg yolk, in some manner, *‘tied up’’ a certain amount of glycerol. The 
results of the present study, although not quantitative, add support to their 
postulation. However, as pointed out by Amann and Almquist (3), the increased 
glycerol requirement with increasing amounts of egg yolk might also be attrib- 


uted to an increase in the electrolyte concentration in the diluent. 
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METABOLISM OF BOVINE SEMEN. VI. EFFECT OF FRUCTOSE AND 
ARABINOSE ON THE UPTAKE AND METABOLIC UTILIZATION 
OF GLYCEROL-1-C™% BY BOVINE SPERMATOZOA! ? 


W. T. O’DELL,* J. O. ALMQUIST, ann R. J. FLIPSE 
Dairy Breeding Research Center, Department of Dairy Science, 
The Pennsylvania State University, University Park 


SUMMARY 

The addition of 1.25% fructose to a saline-1% glycerol diluent resulted in less 
elyeerol-1-C" utilization by twice-washed bull spermatozoa than when fructose was 
omitted. Arabinose reduced glycerol utilization slightly. Significant quantities of 
fructose and arabinose disappeared during incubation of spermatozoa under nitrogen 
for 3 hr. at 37° C. No lactic acid was produced from arabinose, whereas fructose utiliza- 
tion resulted in the production of large amounts of lactate. Glycerol reduced anaerobic 
glycolysis of bull spermatozoa. Less sugar was utilized when 1% glycerol was added 
to saline, saline-fructose, and saline-arabinose diluents than when glycerol was omitted. 
Glycerol addition resulted in greater lactic acid production in saline and saline-arabinose 
diluents. However, in saline-fructose diluent less lactate accumulated when glycerol 
was added. 


The importance of glycerol as a constituent of diluents for both frozen and 
unfrozen bull semen, and the paucity of information on factors affecting glycerol 
utilization by bull spermatozoa, instigated a series of studies on glycerol metabo- 
lism in this laboratory (7, 11, 12, 13). 

Glycrol is metabolized by buil (13, 19, 20) and ram (8, 9, 20) spermatozoa. 
The rate of utilization by bull sperm varies with (a) the type of diluent em- 
ployed (12), (b) whether washed or unwashed sperm are used (13), and (c) 
whether the semen samples are incubated in the presence or absence of oxygen 

19). With both ram and bull sperm, glycerol breakdown is essentially an 
aerobic process and under aerobic conditions exerts a marked sparing effect 

on fructolysis (9, 19). White (19) found that bull sperm apparently produce 

a rather constant amount of fructose from glycerol, while results were more 
variable with ram spermatozoa (9). Over half of the glycerol metabolized by ; 
bull sperm could be accounted for as lactic acid and fructose (19). 

It has been shown (5, 6, 10, 17) that adding various monosaccharides to 
diluted, glycerolated bull semen increases the percentage of spermatozoa sur- 
viving freezing to —79° C. or below. The present study was conducted to 
determine the effect of adding p-fructose or L-arabinose to a saline diluent on 
the uptake and metabolic utilization of glycerol-1-C'™ by bull spermatozoa. 


Received for publication August 21, 1958. 


‘ Authorized for publication on August 1, 1958 as paper No. 2280 in the journal series 
ot The Pennsylvania Agricultural Experiment Station. 

“Supported in part by grants from the Pennsylvania State Association of Artificial 
Breeding Cooperatives. 

“The data contained in this paper are part of a thesis submitted by the senior author to 
the Graduate School of The Pennsylvania State University in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. 


89 


90) W. T. O'DELL, J. O. ALMQUIST, AND R. J. FLIPSE 


EXPERIMENTAL PROCEDURE 

The general procedure has been described previously (12). In the present 
experiment, twice-washed sperm from pooled ejaculates (3.5 X 10° per flask ) 
were incubated under nitrogen for 3 hr. at 37° C. in the presence of 5 pe. of 
glycerol-1-C™ in saline-1% glycerol, saline-1% glycerol-1.25% fructose, and 
saline-1% glycerol-1.25% arabinose diluents. Glycerol was added on a volume 
basis (v/v), whereas the sugars were incorporated on a weight basis (w/v). 
Glycolysis was measured in the three diluents mentioned above and when glyc- 
erol was omitted. The anthrone test (4) was used for sugar determinations 
and the method of Barker and Summerson (2) for lactate measurements. The 
samples were incubated in 125-ml. Erlenmeyer flasks without agitation. 


RESULTS AND DISCUSSION 
The effect of adding fructose or arabinose to a saline diluent on the uptake 
and metabolic utilization of glycerol-1-C'™ by bull spermatozoa is shown (Ta- 
ble 1). The data for the control samples containing inactivated sperm show 


TABLE 1 
Effect of fructose and arabinose on the uptake and metabolie utilization of glycerol-1-C™ by 
bull spermatozoa during incubation under nitrogen for 3 hr. at 37° C. 
(Average of four replicates ) 





Specific ? , 
activity Ratio Ratio 
of Glycerol C"O: Sugar Lactate Lactate gain 
Diluent * C“Osz uptake Uptake loss gain Sugar loss 
(e.p.m/mg (¢e.p.m/10" (ug/10 (mg/1v’ 

BaCO;) sperm) sperm) sperm ) 
Saline 275 0.71 20 37 1.85 
Saline-fructose 82 0.25 589 308 0.52 
Saline-arabinose 192 0.53 343 47 0.14 
Control in saline 2 198 6 





‘Sugars were present in a concentration of 1.25% w/v. 


that very little radioactive COs and lactic acid were produced and that no 
sugar was utilized by the dead sperm. Uptake of glycerol-1-C™ by the inacti- 
vated cells was about 30% of that shown by the live sperm in the three experi- 
mental diluents. 

Table 1 shows that both fructose and arabinose caused a reduction in the 
amount of C™Os. produced by spermatozoa from glycerol-1-C'™, as compared 
to that produced in the saline diluent without added sugar. Statistical analysis 
revealed that C™Os production in the fructese diluent was highly significantly 
(P<0.01) less than that in the saline diluent. The remaining differences among 
the three diluents were not significant. Glycerol-1-C' uptake by spermatozoa 
aid not differ significantly among the three diluents. However, the small dif- 
ferences found followed a trend similar to that observed for C™Os. production 
in the three diluents. 

Since fructose is the naturally occurring carbohydrate substrate in bovine 


semen, it appears logical that its utilization, with the resulting production of 
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large amounts of lactate (as shown in Table 1), was responsible for reducing 
glycerol utilization in the fructose diluent. Although very little lactate accumu- 
lated in the arabinose diluent, arabinose apparently was metabolized to some 
extent, as shown by the disappearance of significant quantities during the incu- 
bation period. Highly variable results were obtained among replicates in regard 
to arabinose utilization. Therefore, the values for arabinose utilization can not 
be considered so conclusive as those for fructose utilization. Nevertheless, 
reduced CMO. production from glycerol-1-C'™ in the arabinose diluents, as 
compared to that in the saline diluent, provides additional evidence that arabi- 
nose probably was utilized by bull sperm. 

The present data support the postulation advanced in a previous report (12), 
that utilizable substances in milk and egg yolk diluents may result in decreased 
glycerol uptake and utilization by spermatozoa, when compared to those in a 
saline diluent. 

Glycolysis by sperm in saline, saline-fructose, and saline-arabinose diluents 
with and without glycerol is shown in Table 2. In the presence of glycerol, 
less sugar was utilized by spermatozoa in all three diluents than when glycerol 
was omitted. White recently observed a sparing action by glycerol on fructose 
utilization by both ram (9) and bull (10) spermatozoa. However, he noted 
that it was only in the presence of oxygen that glycerol exerted a marked spar- 
ing effect on fructolysis. In the present experiment, the semen samples were 
incubated under nitrogen and there was a 26% reduction in fructose utilization 
in the presence of glycerol. The reduction in arabinose utilization was even 
greater (45%) in the presence of glycerol. 

The data for lactate gain (in Table 2) show that, in the saline and saline- 
arabinose diluents, more lactic acid accumulated in the presence of glycerol 


TABLE 2 
Glycolysis by bull spermatozoa during incubation under sitrogen for 3 hr. at 37° C. in saline, 
saline-fructose, and saline-arabinose diluents with and without glycerol 
(Average of four replicates) 


Ratio 
Diluent Sugar Lactate Lactate gain 
treatment Diluent* loss gain Sugar loss 
(ug Wr (“9g 10° 
sperm) sperm) 
No glycerol Saline 25 7 0.28 
Saline-fructose 801 354 0.44 
Saline-arabinose 628 nn 
1% glycerol Saline 20 37 1.85 
Saline-fructose 589 308 0.52 
= i Saline-arabinose 343 47 0.14 
Ratio Saline 0.80 5.28 
Saline-fructose 0.74 0.87 
Glycerol Saline-arabinose oe: = Nees 


No glycerol 


‘Sugars were present in a concentration of 1.25% 
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than when glycerol was omitted. Other workers (9, 19, 20) also have observed 
that glycerol utilization results in lactate accumulation during incubation. In 
the arabinose diluent without glycerol, there was a net loss of lactic acid during 
the incubation period. Therefore, the lactate gain in the saline-arabinose-glye- 
erol diluent probably can be assumed to have arisen entirely from glycerol, 
rather than arabinose. In the saline-fructose diluent, a smaller, but not signifi- 
cant, amount of lactate accumulated during incubation when glycerol was pres- 
ent. This may have been due to the sparing action of glycerol on fructose 
utilization or to an over-all depression of metabolism in the presence of glycerol. 

White et al. (20) noted that arabinose led to an increase in oxygen uptake 
by both bull and ram sperm, while no lactate accumulated. The present experi- 
ment confirms their results with regard to lactate and, since chemical analysis 
showed arabinose disappearance, provides additional evidence that arabinose 
is metabolized by bull sperm. 

Several studies on p- or L-arabinose metabolism by bacteria (1, 3, 14, 15) 
‘and mammalian tissues (16) indicate that arabinose gives rise to intermediates 
which enter the more familiar pathways of carbohydrate metabolism. The 
results suggest the cleavage of a pentose monophosphate to a triose phosphate 
and an unphosphorylated 2-carbon fragment. However, such a mechanism 
should result in the formation of lactate during fermentation. In both White’s 
et al. (20) study and the present experiment no lactate accumulated during 
incubation of sperm in the presence of arabinose, yet significant quantities of 
arabinose disappeared. Therefore, it appears that if bull sperm do utilize 
arabinose, some metabolic pathway, other than that described above, must be 
operative. One report (18) with Pseudomonas saccharophila shows that the 
metabolism of L-arabinose proceeds by a mechanism entirely different from that 
for the breakdown of glucose. The over-all mechanism did not appear to involve 
any phosphorylated intermediates or the citric acid cycle. L-arabinose was 
oxidized to L-arabono-y-lactone, which was hydrolyzed to L-arabonic acid. 
L-arabonic acid was further metabolized to a-ketoglutarate. Either DPN or TPN 
could act as a hydrogen acceptor for this system. Such a mechanism, if fune- 
tional in bull spermatozoa, would result in very little if any lactate production. 
a-Ketoglutarate, being a Kreb’s cycle intermediate, could be further oxidized, 
leading to an increase in oxygen uptake as observed by White et al. (20), or to 
an increase in COs. production, as noted in the present experiment. Additional 
studies are needed to determine the specific pathway(s) involved in arabinose 


metabolism by bull spermatozoa. 
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EFFECT OF REPEATED FREEZE-THAW CYCLES ON 
SURVIVAL OF BULL SPERMATOZOA! 


J. K. SHERMAN * 
American Foundation for Biological Research, Madison, Wisconsin 


SUMMARY 

To gain certain information relative to the nature of injury suffered by bull 
spermatozoa when they are frozen and thawed, the following assumption was evaluated : 
Immobilization is the sole deleterious consequence of freeze-thawing and its rate is 
controlled by simple probability relations. Observed per cent motility of spermatozoa 
in the same sample population exposed to five repeated cycles of freeze-thawing was 
compared with the predicted (calculated) values for each cycle based upon probability 
relations. Statistical analysis of results with 75 samples revealed that survival was not 
controlled by simple probability. Weakening of cells, a deleterious effect other than 
immobilization, and selection of resistant cells by survival were suggested as other 
possible factors. Additional experiments confirmed the suggestion that some spermatozoa, 
although motile after freeze-thawing, are injured or weakened, as shown by their 
diminished resistance to storage as well as rapid cooling above the freezing temperature. 
The weakening was shown to oceur during freeze-thawing and not as a consequence 
either of subsequent contact with an extender which had been adversely altered—as by 
effects of freeze-thawing on its constituents—or by a harmful substance produced in it 
by spermatozoa killed or immobilized during freeze-thawing. 








Immobilization is often used as the criterion of injury, even death, of sperma- 
tozoa (5). In research on the preservation of bull spermatozoa by freezing, 
the number of motile cells before freezing and after thawing is usually the basis 
for measuring survival. It seems essential, in attempts at improving the extent 
of preservation of living cells by freezing, to discover what manner of injury is 
inflicted during the process, so that steps can be taken to prevent injury. Such 
studies on mechanisms, with spermatozoa of the bull, have utilized the criterion 
of immobilization (4, 6,7). It must be realized that absence of motility does not 
necessarily mean absence of viability. Further, and most pertinent here, presence 
of motility does not necessarily mean absence of injury. It follows, therefore, 
that an assumption that the sole manifestation of injury to spermatozoa on freeze- 
thawing is loss of motility, possibly is not valid. Since the question of nature 
of injury is so important, it seemed advisable to evaluate this assumption. 

The following experiment was undertaken to gain information relative to 
the nature of injury suffered by bull spermatozoa during freeze-thawing. In 
light of the above remarks, the assumption was made that immobilization is the 
sole deleterious consequence of freeze-thawing. Further, if such a manifestation 
is controlled by simple probability relations, then within the same population of 
cells a consistent rate of immobilization should be realized with repeated cycles 
of freezing’/and thawing. The experiment was designed to measure the actual 
immobilization or loss of motile spermatozoa in certain populations of cells, after 
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each of five repeated freeze-thaw cycles, then to ascertain statistically whether or 
not the observed rates of immobilization fit or do not fit predicted (calculated ) 
‘ates. If results reflect a general fit, then evidence is presented to support the as- 
sumption of sole factor controlled by simple probability. However, if results show 


a general lack of fit, we become aware that other factors are operative. 


EXPERIMENTAL PROCEDURE 

Experimental. The project involved 78 experimental runs of five-cycle freeze- 
thawing, with 39 ejaculates from 20 different bulls. A run constituted a dupli- 
cation of the cycles with two portions of the same sample. Density of spermatozoa 
was measured with a photelometer. Semen was diluted at 30° C. with an extender 
containing 20% egg yolk (by volume) in aqueous 1.7% sodium citrate dihydrate, 
so as to give a concentration of 30 million spermatozoa per milliliter. Diluted 
semen then was cooled within 1.5 hr. to 5° C., at which temperature an equal 
volume of extender containing 20% egg yolk (by volume) and 14% glycerol 
(by volume), in aqueous 2.34% sodium citrate dihydrate, was added and mixed 
in five equal portions 5 min. apart. One-milliliter portions of the diluted semen 
containing 7% glycerol were then placed in 12- by 75-mm. test tubes, which were 
corked and placed on fiberglass canes for freezing. Freezing was accomplished 
by immersing the tubes, to a point below their corks, into an alcohol bath at 
—42° C. and transferring them to a —78° C. bath when their core temperature 
reached —30° C. The tubes were thawed in a 0° C. water bath when the semen 
reached a temperature of —75° C. They were heid at 0° C. until motility obser- 
vations were made, being refrozen within 30 min. after thawing. The baths were 
cooled to temperature with pieces of solid carbon dioxide. Freezing and thawing 
were traced on a thermograph recorder, with the recording thermocouple lead 
located at the center of a 1-ml. portion of glycerolated semen in a 12- by 75-mm. 
test tube which was carried along with the experimental tubes. Identical con- 
ditions of freezing and thawing were employed with all samples. Motility values 
were based upon duplicate estimate readings at 37° C. on a series of unknowns 
from different experimental runs. Motility meant progressive movement. 

Statistical. Results of only the first three freeze-thaw cycles were employed 
in the analysis, as motility values of the last two were too low to permit mean- 
ingful treatment. The first step was to calculate what the motility values for 
these cycles should be if the survival was controlled by simple probability rela- 
tions, as reflected by a consistent rate of immobilization. Value of per cent 
motility observed after the first freeze-thaw cycle was divided by the control 
value and the quotient multiplied by 100 to give the observed per cent survival. 
The observed motility after the first cycle was then multiplied by this survival 
figure to obtain the predicted motility for Cycle Two. This product multiplied by 
the observed per cent survival gave the figure of predicted motility for the third 
cycle. 

The next step was to determine, through statistical analysis, ranges of pre- 
dicted motility values for Cycles 2 and 3 which would satisfy both the probability 


assumption and the extent of reproducibility in experimental procedure. To 
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accomplish this, the 95% confidence limits were used. These limits were calculated 
as % motility + ¢ .05 sd, where ¢t = 1.989 and sd = \V/s*x + s*y/\/2. The standard 
deviation for observed values (sc) was calculated from sa = \/ D?/2/No. of D’s, 
where D is the difference in per cent motility observed, between the two split 
samples of each of the 78 experimental runs. The standard deviation for pre- 
dicted (caleulated) values (sy) was calculated from sy = \ D*/2/No. of D’s, 
where D is the difference, in per cent motility predicted, between the two samples 
in each run. The ¢ .05 sd values for Cycles Two and Three were 4+ and 3, respec- 
tively. This means that the predicted values for these cycles would fall within 
per cent motility + ¢ .05 sd, with 95% assurance. To illustrate with Sample No. 6 
in Table 1: per cent survival = 46 (per cent motility for Cycle 1) /65 (per cent 
motility for control) X 100 = 71; 46 (per cent motility for Cycle 1) X .71 (per 


cent survival) = 33 (predicted per cent motility for Cycle 2), 95% confidence 
limits being 33 + 4 for Cycle 2; 33 (predicted per cent motility for Cycle 2) 
<x .71 (per cent survival) = 23 (predicted per cent motility for Cycle 3), 95% 


J 


‘ confidence limits being 23 + 3 for Cycle 3. In this sample, the observed motility 
(32% ) for Cycle 2 does fit, whereas that for Cycle 3 (19% ) does not fit, pre- 


dicted values based upon survival controlled by simple probability. 


RESULTS AND DISCUSSION 
Observed values for per cent motility following each of the five repeated 
freeze-thaw cycles for each of the 78 samples evaluated are summarized (Table 1). 
Cooling and rewarming curve during cycles, with rates of temperature change, 


is shown in Figure 1. 


(°c) 


TEMPERATURE 











2 a 6 8 10 12 14 
TIME (minutes) 
Fig. 1. Cooling and rewarming curve during cycle of freeze-thawing 1 ml. of diluted 
semen, as dleseribed in text. Over-all rates of temperature change (° C.) recorded were: 
10.7/min between 5 and —30; 0.9/see between —30 and 70; 7.5/see from —75 to —15; 


1.3/min from 15 to 0. 


Statistical analysis indicates that only 36% of the motility data for Cycles 
2 and 3 fit the predicted (calculated) ranges of values. (These are identified 


by an asterisk in Table 1.) 
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SURVIVAL OF BULL SPERMATOZOA 


TABLE 1 


Motility of bull spermatozoa subjected to repeated cyeles of freezing and thawing 


Sample Cycle No. Sampte Cycle No. 

No. Contro! | 2 3 4 5 No. Control l 2 3 4 5 
] 75 32 16* 4+* 3 2 40 72 46 20 3 2 3 
2 rio: 45 35 18* 14 5 41 74 $4 18 2 2 ] 
3 66 49 30 ae 7 7 42 72 5 13” \? ] ] 
} 70 24 8* 2* 2 pA 43 65 18 3* S° ] 0 
5 70 38 18* 20 5 4 44 78 62 30 § 2 ] 
6 65 46 32° 19 Ss 4 45 75 20 14 2" ] 1 
7 SO 56 16 24* 9 4 46 72 15 20 5 1 0 
Ss 75 38 32 19 10 ; 47 65 3) 20* 6 3 2 
9 70 35 11 8* 2 ] 48 75 40 14 5 2 2 

10 75 44 18 15* 6 2 49 70 38 20* 5 4 1 

11 70 $5 22 15 6 2 0) 78 46 25° 5 ] l 

12 75 56 44* 26 12 7 51 75 45 35 15* 2 2 

13 71 48 34* 25* Ss ] v2 1d 54 o4 16 4 ] 

14 70 48 30* 16 1] 2 53 0 42 14 10* 2 1 

15 SO 46 24° 12 5 } 54 77 42 10 4 1 ] 

16 65 $2 22 9 5 2 55 65 38 20* 7 2 2 

17 71 18 8* 6 2 l 56 7 32 14* 5* 2 ] 

18 78 44 26* 6 2 ] 57 70 38 18* 4 2 1 

19 65 40 3 20 5 2 D8 75 40 19* 4 ] l 

20) 71 54 38* 10 10 6 59 75 44 30* 5 2 ] 

21 72 46 38 bh 6 3 60 78 48 36 10 4 1 

22 72 48 28* 20* 1] 3 61 74 40 10 6 2 1 
3 74 50 36* 11 5 2 62 75 35 15* g* 1 ] 

D4 70 42 16 5 2 ] 63 75 35 32 gl 2 1 

25 78 41 20* 6 : ] 64 78 50 45 18* 5 2 

26 75 48 21 9 4 3 65 76 40 15 8* ] l 

27 75 47 21 S 2 l 66 7 44 10 6 2 1 

28 70 40) 33 6 3 ] 67 75 42 24* 2 1 ] 

29 78 40) 12 12* 2 1 68 75 40 20* 5 2 ] 

30 70 50 20 8 5 ] 69 72 40 10 3 1 1 

31 62 38 18 s 4 2 70 71 48 11 3 2 2 

32 78 48 41 16* 6 3 71 72 29 16* 4* ] 1 

33 61 30 10 g* 2 1 72 78 51 38 is* § 2 

34 76 51 26 18 5 2 73 74 41 12 6 1 ] 

35 70 40 24* Ss 5 ] 74 74 40 1] 6 3 1 

36 75 48 38 15 5 2 75 75 42 23* 4 3 2 

37 60 32 12 14 2 ] 76 74 42 16 5 1 ] 

38 72 41 25* 20) 4 3 77 74 40 10 3 1 1 

39 72 46 14 8 2 l 78 68 40 14 4 2 ] 


Each value (% motility) represents the average figure tor duplicate observations on each 
of two split samples. 

Motility values for Cycles 2 and 3 which fit predicted (caleulated) values based upon the 
assumption of survival control by simple probability, as described in text, are identified by an 
asterisk. It was noted that most nonfit values were below predicted range—70% in Cycle 2, 
89% in Cyele 3. 


Samples from different bulls varied in the resistance of their spermatozoa to 
repeated cycles of freeze-thawing. 

Of the 68 semen samples which showed high resistance to initial freeze-thaw- 
ing, that is, at least 50% survival, 41% showed motility of 25% or above, and 
65% showed 20% or above, after the second cycle. Even after three cycles, 11% 
of the samples maintained 20% or more motile cells. 

In all but two cases, motile spermatozoa were observed subsequent to the five 
repeated cycles of freezing and thawing. However, unlike the movement in 
earlier cycles, many of these cells were nonprogressive and oscillatory. This 
tvpe of movement was also noticed to some extent after the fourth cycle. 
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Results of this investigation leave little doubt that the immobilization rate 
for spermatozoa in the same population of cells exposed to repeated cycles of 
freezing and thawing is not controlled by simple probability relations. The indi- 
cation is that other factors are involved. These factors may well include weaken- 
ing of cells, a deleterious effect other than immobilization, and the selection of 
resistant cells by survival. A search of the literature has revealed that the rate 
of cell loss also is not consistent in repeated cycles of freeze-thawing with yeast 
(2) and the influenza virus (3). Work with yeast also prompted the suggestion 
by Goetz and Goetz (2) that other factors such as weakening and selection enter. 

To test the notion that some spermatozoa which are motile subsequent to 
freeze-thawing have been weakened, an additional experiment was undertaken. 
Spermatozoa in semen from each of 20 ejaculates were diluted, frozen, and 
thawed as described above. Four 1-ml. samples were placed in 12- by 75-mm. test 
tubes. Two were kept at 5° C. for 20 hr., to observe motility loss during storage ; 
the other pair was rapidly cooled from 30 to 0° C. in an ice bath, to test for 
sensitivity to temperature shock as manifested by immobilization. Unfrozen 
control samples which were exposed at the same time to these storage and cooling 
conditions showed essentially no loss in motility. 

Results with frozen-thawed semen are summarized (Table 2). These data 
confirm that some cells, although motile after freezing and thawing, are injured 


TABLE 2 


Motility of freeze-thawed spermatozoa before and after storage for 20 hr. 


at 5° C., or rapid cooling to 0° C. (eold shock ) 


3efore After After 


exposure storage cooling* 
Range 28-65 8-28 15-65 
Average 42 16 33 


Each value (% motility) is based upon duplicate observations on 20 ejaculates. 
“Unlike storage results, immobilization was nct pronounced; nor was it detected in every 
sample. 


or weakened to the extent that they show diminished resistance to certain environ- 
mental stresses as tested by immobilization. However, the possibility remained 
that spermatozoa were not weakened during freezing and thawing but rather 
after the process, as a result of subsequent contact with the extender. The 
extender could have been adversely altered, as by certain effects of freeze-thawing 
on its constituents? or by a lethal substance* produced in it by spermatozoa 
killed or immobilized during freeze-thawing. To assess possible deleterious 
changes in the extender itself, both parts of it were first frozen and thawed by the 
method used in the project. It was then used in dilution and glycerolation of 
semen in the described manner, and the glycerolated semen was stored in 1-ml. 
quantities at 5° C. for 20 hr. 

The lethal factor(s) idea was checked by freeze-thawing spermatozoa in the 


* Suggested by Dr. R. A. Bomstein of this Foundation. 


* A lethal factor has been demonstrated in heat death of the worm Phascolosoma goudi (1). 
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part of the extender without glycerol, in the usual manner, removing the sperma- 
tozoa by centrifugation, and using the centrifugate as the extender for a new 
sample of semen, which was then stored at 5° C. for 20 hr. In each case, per cent 
motility after storage was compared with that of an unfrozen control sample 
stored with the experimental. Results of these experiments, which involved 
20 ejaculates, showed essentially no loss of motility after 20 hr. at 5° C. in both 
control and experimental samples. This indicates that weakening of cells takes 
place during freeze-thawing, not as a result of post-thaw contact with the 
extender. 

Greiff et al. (3) offer possible explanations for the survival curve of the influ- 
enza virus on the basis of puncture of cell walls by ice relative to the change in size 
of ice crystals formed in the refreezing of liquids, as well as summation of sub- 
lethal injuries and decreased numbers of live virus particles. However, as with 
yeast (2), such possibilities of weakening of cells were not experimentally evalu- 
ated. Our results establish that weakening of motile cells does occur during 
freezing and thawing of bull spermatozoa. This still leaves the question of mech- 
anism of injury in its current state (4, 6, 7). It does, however, illustrate the 
necessity for evaluating injury on a basis more comprehensive than motility alone. 
Perhaps such future evaluations will shed more light on mechanisms of life 
and death during freezing and thawing. Studies on biochemical alterations should 
prove fruitful. 

The observation that ejaculates from some bulls are quite resistant to refreez- 
ing suggests that, following suitable screening, surplus thawed semen from certain 
bulls in breeding establishments using frozen semen might be refrozen and used 
in subsequent inseminations. 
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IMMUNOLOGICAL STUDIES ON FERTILITY AND STERILITY. 
Il. EFFECT OF ISOIMMUNIZATION WITH BLOOD 
AND SEMEN ON FERTILITY IN CATTLE! 


C. A. KIDDY,’ W. H. STONE, W. J. TYLER, anv L. E. CASIDA 
Departments of Genetics and Dairy Husbandry, University of Wisconsin, Madison 


SUMMARY 


An attempt was made to determine the importance of antigen-antibody reactions as 
potential causes of lowered fertility in cattle. 

Seventeen heifers exhibited anaphylactice-like reactions after repeated intravenous 
injections of bull semen, Antibodies against bull sperm were not detectable by laboratory 
tests made on their sera. When the heifers were bred to the bull whose semen they had 
received, eight conceived on first service and three of the remaining nine on the second. 
Results from first service were not different from those obtained with the same bulls 
on nonimmunized cows. The conception rate on second service was low, but not signi- 
ficantly so. 

The hypothesis was then tested that local antibody production is a factor in lowered 
fertility. Twelve heifers received repeated intrauterine injections of a bull’s blood. 
Antibodies were not demonstrable in the reproductive organs throughout the treatment 
period, but were produced in the sera of six of the heifers-——probably in response to 
antigens which passed into the circulation. When the twelve heifers were bred to the 
bull used as the blood donor, eight conceived on first service and two on the second. 
There was no indication that this treatment had reduced fertility. The results would be 
considered more critical if it had been possible to demonstrate antibodies in the lumen 
of the reproductive organs of the heifers. 


The condition of lowered fertility in cattle known as repeat-breeding is 
characterized by an increased incidence of fertilization failure and an especially 
high incidence of early embryonic death resulting from unknown causes (3, 15 
It seems possible that antigen-antibody reactions may be responsible for some of 
this lowered fertility. It has been shown that antibodies produced in cattle 
against rabbit semen can prevent fertilization and cause embryonic death when 
they are added to rabbit semen before it is used for insemination (6). In cows, 
the antibodies might be produced against sperm or embryos and these in turn 
might react with their respective antigens to prevent fertilization and cause 
embryonic death. However, conflicting reports are found in the literature on the 
question of whether or not female fertility can be reduced by immunization with 
sperm (11). The present report deals, in part, with the immunization of heifers 
with bull semen prior to breeding, to study the effect of the treatment on fertility. 
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If maternal antibodies against embryonic antigens are causing embryonic 
death, then erythrocyte antigens might be involved. In species such as man and 
the horse, hemolytic disease of the newborn often occurs when maternal antibodies 
are produced against the foreign erythrocyte antigens of the fetus (12). Further, 
there is a suggestion that early losses of embryos may occur in man as a result of 
incompatibility in the ABO blood group system (10). In a previous study, 
heifers were immunized by intravenous injections of the blood of a bull and were 
later bred to that bull (7). Although these heifers had circulating antibodies 
for antigens of their calves’ erythrocytes, there was no evidence that the induced 
incompatibility affected fertility. 

There are reports in the literature which indicate that antibodies may be pro- 
duced in the cow locally by the tissues of the reproductive organs (4,5). The 
question arises as to whether antibodies would be produced locally in the uterus 
against erythrocyte antigens, and whether such antibodies could affect fertility. 
The second part of this report presents the results of an experiment in which 
heifers were immunized with bull’s blood introduced into the uterus. The heifers 
were bred to the bull used as the blood donor to determine if the treatment had 
affected their fertility. 


MATERIALS AND METHODS 


Dairy-type heifers approximately 18 mo. old, which had been purchased from 
a dealer approximately 6 mo. earlier, were used. All but one bore the color 
markings of the Holstein breed. Normal serum was obtained from each heifer 
before any immunizations were begun. 

Experiment I—Semen Immunization. Semen from Holstein bulls in the 
Emmons Blaine, Jr. experimental herd was used for the injections. Twelve 
heifers were injected with semen pooled from six bulls. Serum was taken at 
frequent intervals and tested against semen from each of the six bulls to deter- 
mine if sperm-agglutinating antibodies had been produced. The semen was 
dijuted with saline to a concentration of 30 < 10° sperm/ml for the tests. The 
procedure was to add 0.05 ml. of the diluted semen to 0.10 ml. of serum which 
had been heated at 56° C. for 30 min. in 10- by 75-mm. test tubes and mix 
thoroughly. The tubes were incubated in a water bath at 37° C. for 1 hr. The 
amount of agglutination was scored by macroscopic and microscopic examination. 
Complement fixation tests (8) were performed on the sera from the 18 heifers, 
in a further attempt to determine if antibodies against sperm had been produced. 

The first three semen injections were given subcutaneously in the neck and 
shoulder region over a period of 42 days. A lanolin-like material (Falba) and 
mineral oil (Bayol F) were mixed with the semen and saline as adjuvants for 
the purpose of effecting a slow absorption of the antigen (13). Penicillin and 
streptomycin were added to the mixture at the rate of 500 yg¢/ml to combat 
infection. However, most of the heifers formed large abscesses at the site of 
injection and the subcutaneous route of injection was abandoned. Four sub- 
sequent injections of pooled semen and saline were given intravenously at weekly 
intervals. At this point, there was no indication that sperm agglutinins were 
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being produced, although seven of the heifers had exhibited anaphylactic-like 
reactions after one or more of the intravenous injections. Since no antibodies 
were detected, pooled semen was no longer injected ; instead, each heifer received 
semen from one bull only in the subsequent injections. Each of the six bulls 
provided semen for two of the heifers and weekly injections were continued until 
definite symptoms of anaphylactic shock were produced (average of three in- 
jections). The appearance of such symptoms was taken as an indication that an 
immune response had been obtained and the heifers were artificially insemi- 
nated with semen from the bull that had been the donor of the semen for the 
individual injections. In all, each heifer received approximately ten injections 
of bull semen over a period of about 6 mo. The total amount received by any one 
heifer ranged from 26 to 130 ml. (for actual amount see Table 1). 

Heifers that returned to heat within 35 days after the first service were 
viven an additional immunizing injection of semen before being bred again. 
Those heifers that returned to heat after the second service were bred at that 
time and were killed three days later. The reproductive organs were examined 
and the ova were flushed from the oviducts to determine if fertilization had 
oceurred. An ovum was considered fertilized if cleavage had occurred and 
blastomeres of approximately equal size were present. Heifers that were di- 
agnosed pregnant (rectal palpatation) from the first or second service were 
killed on the 56th day of pregnancy, to provide material for another study. A 
check on the fertility of the bulls used was available, since they were being 
used in their own herd. 

The experiment was repeated with a group of six heifers. Three Holstein 
bulls were used to provide the semen and two of these were among the six used 
previously. Each heifer received weekly intravenous injections of 6-10 ml. 


TABLE 1 


Fertility of heifers immunized with bull semen 


total amount of 


No. Bull used semen injected Reproductive performance 
(ml.) 

First group 
29 383B 41 Pregnant—lIst service 
302 383B 47 Untertilized ovum after 3rd service 
PSO 344B 130 Pregnani—2nd service 
304 344B 4] Umiertilized ovum after 3rd service 
205 362B 36 Pregnant—lst service 
305 362B 46 Unfertilized ovum after 3rd service 
297 383A 51 Fertilized ovum after 3rd service 
307 383A 28 Pregnant—lIst service 
308 20B 38 Pregnant—Ist sevice 
309 20B 17 Fertilized ovum after 4th service 
301 431B 58 No shock—not bred 
305 431B 27 Pregnant—lIst service 


Second group 


431B 3 Pregnant—2nd service 
131B 30 Fertilized ovum after 3rd service 
344B 26 Pregnant—lIst service 
344B 27 Pregnant— Ist service 
452B 30 Pregnant—2nd service 
452B 5/ Prognant—lIst service 
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of semen from one bull which had been mixed with 10-20 ml. of saline. The 
total amount of semen injected ranged from 26 to 57 ml. (Table 1). Definite 
symptoms of anaphylactic shock were produced after from three to seven in- 
jections and each heifer was then bred to the bull whose semen had been used 
for its immunization. From this point, the procedure was the same as described 
for the previous group of 12 heifers. 

Experiment 11—Intrauterine Immunization with Blood. Samples of vaginal 
mucus were taken from each heifer before any injections were begun. A Hol- 
stein bull from the Emmons Blaine, Jr. experimental herd was used as the blood 
donor. This was one of the few bulls available whose blood type differed most 
from the blood types of the 12 heifers that were used, differing by an average 
of 5-6 antigenic factors. Blood from the bull was collected as aseptically as 
possible from the jugular vein into evacuated sterile bottles containing Acid 
Citrate Dextrose (ACD) anticoagulant solution (8). It was then stored in a 
refrigerator until used (approximately 4° C.). The blood was handled asepti- 
cally and was placed into the body of the uterus by means of an initially sterile 
catheter passed through the cervix. Care was taken to minimize the chance of 
introducing infection into the uterus, since the injections were made early and 
late in the luteal phase of the estrual cycle. It is well known that the uterus 
is particularly susceptible to infection when under the influence of progesterone. 
Since it was not known whether the stage of the estrual cycle would affect the 
response, six of the heifers were injected on the third day after estrus and the 
other six were injected when the corpus luteum started to regress in size. The 
time that the corpus luteum began to regress was estimated by daily rectal pal- 
patation of the ovaries and was usually around the 17th day after estrus. 

After three injections had been made, the frequency of injection was in- 
creased and all heifers received blood both at the early and at the late stages 
of the cycle. Ten to 20 ml. of the whole blood was introduced into the uterus at 
each injection, and each heifer received eight or nine injections in all. Serum 
and vaginal mucus samples were taken at about the tenth day of the estrual 
cycle and irregularly at other times. These were tested for the presence of 
antibodies against the bull’s erythrocytes, using the standard procedure of the 
hemolytic test (14). 

Kerr and Robertson (5) described ‘‘local anaphylactic reactions’’ to Trich- 
omonas fetus antigen in the uteri of cows previously sensitized with the antigen. 
These reactions involved a marked increase in the size and tone of the uterus 
as detected by rectal examination, and usually were found at 2 hr. after injec- 
tion but not at 4 hr. The uteri of the heifers in the present study were palpated 
at 2 and 4 hr. after an injection of blood, to determine if such anaphylactic-like 
reactions were occurring. Control injections of 20 ml. of sterile physiological 
saline solution were made in each heifer on one or two oceasions. On the day 
that a heifer was regularly scheduled to receive a blood injection, saline was in- 
jected first and the uterus was checked at 2- and 4-hr. intervals. Following this, 
the blood was injected. 
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Following the course of immunizing injectious, the heifers were artificially 
inseminated with semen from the bull which had been used as the blood donor. 
This bull was in regular use in its own herd. Heifers returning to heat within 
28 days after the first service were bred again. Those that returned to estrus 
after a second insemination were rebred and killed three days later, to deter- 
mine if fertilization had occurred. The heifers that did not return to estrus 
following the first or second service were killed on the 28th or 42nd day after 
breeding, to confirm pregnancy and to provide material for another study. At 
slaughter, samples of serum, vaginal mucus, uterine flushings, and embryonic 
fluids were taken. Saline extracts were made of samples of endometrium and 
vaginal mucosa from each heifer. All of these samples were tested for reactivity 
with the bull’s erythrocytes, to determine if antibiodies could be demonstrated. 


RESULTS 


Experiment 1—Semen Immunization. Agglutination tests failed to indicate 


that specific sperm agglutinins were produced in the sera of these heifers. Non- 
specific head-head agglutination of sperm usually was produced by both normal 
serum and immune serum, and there was no indication that the reaction was 
stronger in the immune serum. Complement-fixation tests also failed to show 
conclusively that specific antibodies had been produced. Although these tests 
failed to demonstrate that antibodies had been produced as a result of the 
injections, it was possible to produce anaphylactic-like reactions in all but one 
of the heifers (No. 301). The reactions were characterized by coughing, 
dyspnea, hyperpnea, tremors, and frequent defecation. Two heifers actually 
fell down after receiving an injection of semen and in one of these (the only one 
checked) the rectal temperature was elevated to 104.3° F. 1.5 hr. after the in- 
jection. These physical reactions indicated that an immunological response had 
been obtained, even though it was not possible to demonstrate specific antibodies 
in the serum. 

Of the 11 heifers which were bred in the first group (see Table 1), five 
conceived (pregnant at 55 days) on the first service, whereas only one of the 
remaining six conceived on the second. Four of the remaining five heifers were 
killed three days after a third insemination; three had unfertilized ova and the 
fourth had a fertilized ovum. The 11th heifer had a fertilized ovum three days 
after a fourth insemination. These results suggested that the immunizations 
might have affected fertility (possibly fertilization rate) in some of the heifers. 
There was no evidence in this study that low fertility of particular bulls might 
have affected the results. Each of the seven bulls was used for an average of 
seven inseminations (range 3 to 20) in its own herd during the period of time 
that the experimental inseminations were being made. The average conception 
rate (per cent of inseminations resulting in pregnancy as diagnosed by rectal 
palpatation at 35-42 days) was 52%, with the values for the individual bulls 
ranging from 45 to 100%. 


In the second group of six heifers, three conceived (pregnant at 59 days) 
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on the first service and two of the remaining three on the second. The sixth 
heifer had a fertilized ovum three days after a third insemination. Thus, the 
results from the second group failed to confirm the suggestion of an effect of such 
immunizations on fertility. 

When the results from both groups were pooled, 8 of 17 (47% ) animals were 
pregnant at 56 days from the first insemination. These results are not different 
from the results obtained with these same bulls in their own herd during the 
same period of time (52% of the inseminations resulted in palpable pregnancies). 
On the second insemination, only three of the remaining nine heifers were preg- 
nant at 56 days. The conception rate on second service in the first group, where 
only one of six heifers conceived, appears to be low, as compared to the usual 
decline in conception rate between first and second service (1). However, it 
is presumed to be accounted for by sampling error, especially since there was no 
indication of an association between a heifer’s reproductive performance and the 
severity of the shock which it experienced following the injections of semen. 
Further, there was no significant correlation between the amount of semen a 
heifer received for immunizing purposes and its reproductive performance. The 
reproductive organs of all of the heifers appeared normal when examined at 
slaughter; the embryos, likewise, appeared normal. 

Experiment I]—Intrauterine Immunization with Blood. Passage otf the 
catheter through the cervix to inject the blood was often difficult, but was always 
accomplished after some manipulation. A slight purulent discharge was some- 
times seen at the vulva on the day following an injection but no evidence of 
swelling or coatents—which might indicate cervical or uterine infection—was 
found at that time when the reproductive organs were examined by rectal palpa- 
tion. It seems probable that the discharges noted were the result of slight trauma 
to the cervix. 

Ten of the 12 heifers exhibited what appeared to be anaphyiactic-iike re- 
actions in the uterus on one or more occasions following an injection of blood. 
These reactions were characterized by a definite increase in the tone of the 
uterine horns, although there did not appear to be a concomitant increase in the 
size of the horns. ‘he tone resembled that usually found at the time of estrus. 
The reaction generally was found at 2 hr. after the injection and had usuaily 
disappeared by 4 hr. The specificity of these reactions was questionable, how- 
ever, since they were fouad to occur in five heifers after an injection of sterile 
physiological saline soiution (voiume same as for blood injections). Reactions 
were sometimes found 2 hr. after a blood injection, when the saline injection 
had failed to produce a response. It should be kept in mind, however, that the 
blood was given about 4 hr. after the saline injection, and the cumulative action 
of the two volumes of fluid may have induced the reaction. 

Antibodies against the bull’s erythrocytes were found in the sera from six 
of the 12 heifers at one time or another during the course of injections (Table 2). 
The normal sera from these heifers did not react with the bull’s erythrocytes. 
In contrast, there was no evidence that antibodies against the bull’s erythrocytes 
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TABLE 2 


Fertility of heifers after intrauterine immunization with bull blood 


Serum antibodies vs. 


No. bull’s erythrocytes Reproductive performance 
325 No Pregnant—2nd service 

Yes Pregnant—lIst service 

Yes Pregnant—Ist service 

Yes Pregnant—Ist service 

Yes Pregnant—2nd service 

Yes Fertilized ovum after 3d service 

No Pregnant—lIst service 

No Pregnant—lIst service 

No Pregnant—lIst service 

No Pregnant—Ist service 

No Not pregnant after Ist service* 

Yes Pregnant—lIst service 





* Developed cystic ovaries after second service. 


were present in any of the samples of vaginal mucus, uterine flushings, en- 
dometrial extract, vaginal mucosa extract, or amnionice and chorionic fluids of 
embryos. Thus, these results failed to indicate that antibodies against antigens 
of the bull’s red blood cells had been produced by the tissues of the reproductive 
organs. 

Light of the 12 heifers were pregnant at 28 or 42 days after the first breed- 
ing and two of the remaining four after the second. Of the two remaining heifers, 
one had a fertilized ovum three days after a third insemination. The other 
heifer developed cystic ovaries after the second insemination and was removed 
from the experiment. The second insemination for this heifer was not included 
in the results. The reproductive organs of all of the heifers (except one with 
cystic ovaries) appeared normal at slaughter; the embryos, likewise, appeared 
normal. 

During the period of time that the experimental heifers were being bred, 
the bull was used for seven inseminations in its own herd and three of these 
inseminations resulted in pregnancies palpable at 35-42 days. The reproductive 
performance of these heifers as a group was very good, in so far as it was tested 
in this experiment. These results fail to indicate any adverse effect of the treat- 


ment on fertility. 


DISCUSSION 


If antigen-antibody reactions are causes of fertilization failure or early em- 
bryonic death in repeat-breeding cows, it would appear logical that the follow- 
ing requirements must be met: First, antibodies must be formed in the female 
against antigens which occur in semen or early embryos; second, the antibodies 
would have to be present in the lumen of the reproductive organs to react with 
their specific antigens, since most of the embryonic death occurs prior to the 
attachment of the embryonic membranes to the cotyledons (3, 9 


The hypothesis that antigen-antibody reactions are a cause of the lowered 


fertility in repeat-breeder cows would be more reasonable if it were demonstrated 
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that specific antibodies against sperm or embryos were able to reduce fertiliza- 
tion rate or embryo survival. The results of work with rabbits indicate that anti- 
bodies produced in cattle by the injection of rabbit semen are able to cause fertili- 
zation failure and embryonic death when rabbit semen is treated with the anti- 
bodies before being used for insemination (6). Whether antibodies against sperm 
from the same species can be produced in a female which will, in turn, reduce 
the fertility of that female is not definitely established. However, several work- 
ers have reported lowered fertility in females immunized with sperm from males 
of the same species (6,11). In the present work, immunization of heifers with 
buil semen (intravenous injections) prior to their insemination with semen from 
the same bull, failed to cause a definite reduction in fertility. In a previous 
study, no effect on fertility was indicated in heifers which were immunized with 
intravenous injections of a bull’s blood before they were bred to the same 
bull (7) 

The question arises as to whether or not antibodies against the antigens of 
semen or blood actually passed from the circulation to the lumen of the repro- 
ductive organs in the experimental heifers. Unfortunately, no attempt was made 
to demonstrate antibodies in the reproductive organs of these heifers. It has 
been established that antibodies pass into the uterine lumen in pregnant rabbits 
(2), but no data are available on nonpregnant rabbits. In cattle, on the other 
hand, data are available which indicate that antibodies in the circulation do not 
pass into the uterine lumen in the nonpregnant animal (4,5). It can be argued, 
therefore, that antibodies did not pass into the lumen of the reproductive organs 
in the heifers receiving intravenous injections of blood and semen and, thus, 
had no opportunity to affect fertilization or early embryonic development. <Ac- 
tually, the heifers immunized with blood were kept throughout pregnancy and 
there was no evidence of an effect of the antibodies on embryo survival even 
after placentation had occurred. 

The next question which arises is how maternal antibodies might affect 
sperm or early embryos in cattle if they do not pass from the circulation into 
the lumen of the reproductive organs. The tissues of the reproductive organs 
seem able to produce antibodies against Brucella and Trichomonas organisms 
which can be demonstrated in the vaginal mucus or in the flushings from the 
uterus, but which do not seem to pass into the circulation (4,5). One answer to 
the above question might be that antibodies against sperm or embryos are pro- 
duced locally in the uterus, cervix, or vagina, and remain there to react with 
their specific antigens. In the present work, however, there was no indication 
that antibodies against incompatible antigens were produced locally in the tissues 
of the reproductive tract when the blood of a bull was injected repeatedly into 
the uterus. This was true even though circulating antibodies were produced 
against the bull’s erythrocytes in six of the 12 heifers used. When the heifers 
were bred to the bull that had been the source of the blood, the conception rate 
was high, thus giving no evidence that this route of immunization will reduce 
fertility. Although the bull’s blood type differed from the blood types of the 
heifers by an average of 5-6 antigenic factors, all of the known antigens of 
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cattle erythrocytes were not represented in these differences. It is possible, there- 
fore, that a particular factor or group of factors which might be capable of 
causing isoimmunization in the uterus may not have been involved in these 
studies. 

The failure to demonstrate antibodies against erythrocyte antigens in the 
heifers that received intrauterine injections of blood is disturbing. There is no 
apparent reason for this failure in view of the ease with which Kerr and Robert- 
son (5) were able to demonstrate antibodies against Tr. fetus and Brucella 
abortus. Differences in the nature of the antigens used, or in technique, may 
be responsible for the difference in results. On the other hand, Kerr and Robert- 
son did find antibodies in the sera of cows that had produced antibodies in the 
uterus after intrauterine injections of the antigen. These were thought to be 
formed as a result of the antigen passing into the circulation, since antibodies 
could not be demonstrated in the blood following their infusion into the uterus 
of a previously untreated cow, even though the uterus itself was passively sen- 
sitized by this treatment. Some of the antigen may have passed through the 
oviducts to the peritoneal cavity and then to the circulation. The passage of 
antigen to the circulation is probably the explanation for the present finding of 
antibodies against the bull’s erythrocytes in the sera of some heifers. 

The findings of the present work fail to indicate that antigen-antibody re- 
actions can cause fertilization failure or embryonic death in cattle. The results 
would be considered more critical, however, if it had been possible to demonstrate 
antibodies in the lumen of the reproductive organs of the experimental heifers. 
It remains as a possibility that antigens of sperm, seminal plasma, and embryos 
might, under certain conditions, stimulate the production of antibodies by the 
tissues of the reproductive tract, which are capable of causing fertilization 
failure or embryonic death. A change in the sensitivity of antibody-producing 
cells of the reproductive tissues, possibly from endocrine causes such as deficiency 
of progesterone, might be an illustration. Future work might well be focused on 
the interaction of endocrinological and immunological factors affecting the 
relationship between the uterus and the conceptus. 
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PATHWAYS OF GLUCOSE UTILIZATION IN EPIDLDYMAL AND 
TESTICULAR SPERM CELLS! 


S. H. WU, F. F. McKENZIE, S. C. FANG, ano J. S. BUTTS 
Departments of Dairy and Animal Husbandry and Agricultural Chemistry, 


Oregon State College, Corvallis 


SUMMARY 


Pathways of glucose utilization in epididymal and testicular sperm cells were 
investigated, using C“-labeled glucose as a tracer. An equal contribution to CO, from 
the two substrates in epididymal spermatozoa, and a preferential recovery of CO, from 
glucose-1-C", as compared with glucose-6-C™ in testicular sperm cells, were observed. 
Results suggest that in epididymal spermatozoa the basic mechanism of glucose utilization 
is that of the Embden-Meyerhof scheme; whereas, in the testicular sperm cells, glucose 
may be metabolized via alternative pathways. 


For many years glycolysis was considered the only means of glucose utili- 
zation in biological systems. However, with new chemical techniques, certain 
divergencies from this theory of carbohydrate metabolism have been observed, 
both in microorganisms and in animal tissues. 

Studies show that although the catabolism of glucose proceeds predominantly 
via glycolysis in the rat diaphragm (2) and in some lactic acid bacteria (10), 
the operation of a nonglycolytic scheme resembling the ‘‘oxidative’’ pathway 
has been observed in rat liver (1). This has been observed also in the hetero- 
lactic organism Leuconostoc mesenteroides (5, 11). 

Among cells having both glycolytic and oxidative systems, yeast ferments 
glucose predominantly by the Embden-Meyerhof scheme, whereas Pseudomo- 
nas lindnert uses the hexose monophosphate shunt. In Escherichia coli both 
mechanisms are important in the metabolism of cells growing on glucose (4). 
Entner and Doudoroff (6) found that in Pseudomonas saccharophila glucose 
was catabolized via a route distinct from the Embden-Meyerhof scheme and 
the oxidative path. 

The study of metabolic pathways in tissues of higher animals has been 
aided by labeling molecules of substrate with radioactive isotopes. In the study 
of semen metabolism, Almquist and associates (7, 8, 9, 16) found that C-labeled 
glycine and glycerol, in addition to glucose, can be metabolized by bovine 
spermatozoa. Previous work at Oregon State College, using labeled glucose 
as tracer, demonstrated that in bovine and ram sperm cells glucose was catabo- 
lized via the glycolytic cycle (18). These studies, however, were confined to 
ejaculatedsspermatozoa. Since morphogenesis is known to occur in spermatogenic 
cells, it seems reasonable to assume that their morphological distinctness may 


reflect the existence of certain metabolic divergencies. 
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The present study is designed to obtain information concerning glucose utili- 
zation in epididymal and testicular sperm cells, with special reference to the 
possible participation of metabolic pathways other than glycolysis. It is hoped 
that this information may lead to a better understanding of the developing 
germ cells and improvement of media for prolonging their survival in vitro. 


EXPERIMENTAL PROCEDURE 


Testes were obtained from a local abattoir and were removed by incising 
the scrotum and severing the spermatic cord, leaving the gland intact within 
the sac formed by the tunica vaginalis communis. The testes were then placed 
in calcium-free Kreb-Ringer phosphate buffer and kept cool with ice. Process- 
ing and sperm collection were made within 2 hr. 

Epididymal spermatozoa were collected from the cauda epididymis and 
the sperm cells from the testis were obtained from incisions made in the 
testicular parenchyma. The cells were suspended in sterile Kreb-Ringer solu- 
tion. No antibacterial treatment was applied to the testis before sperm collec- 
tion, though precautions were taken to limit bacterial contamination by using 
sterile instruments. The presence of fully formed spermatozoa was confirmed 
by microscopic examination and their number determined by haemocytometric 
technique. 

Glucose utilization was measured by incubating the sperm cells in calcium- 
free Krebs-Ringer phosphate solution, pH 7.4, at 38°C., using the constant- 
volume Warburg apparatus (17). Each flask contained 5 pM of the substrate, 
elucose-1-C™ or glucose-6-C'™. The respiratory C'™O. was trapped by alkali 
(0.5 ml. 1 N NaOH) in the central well of the flask. At the end of the incubation 
period, acid (0.2 ml. 9 N HeSO,) from the side arm of-the flask was tipped 
into the main compartment to kill the system and release any C™%QO. that might 
be retained in the medium. The CO, collected by the alkali was precipitated 
as BaC'Os:, which was filtered through a sintered glass filter, washed successively 
with distilled water and absolute ethanol, dried, and weighed. For the assay 
of radioactivity, the BaC'O, was ground with absolute ethanol and mounted 
on a copper planchet. Counting was done with a thin mica end-window Geiger 
counter, and counting time was adjusted to give an error of less than 5%. 
Corrections were made for background activity and for self-absorption. 


RESULTS AND DISCUSSION 

As shown in Table 1, the radiochemical yields of C'*O. from the two sub- 
strates, glucose-1-C™ and glucose-6-C', were essentially identical in the epi- 
didymal spermatozoa. However, in the testicular cells the contribution of ClO, 
from the carbon atoms 1 and 6 of glucose was quite different. The ratio between 
the per cent of recovery in the vields of C'™O, from glucose-6-C™ and that from 
glucose-1-C'™ was near unity in the epididymal spermatozoa, indicating that 
glucose was catabolized in these cells mainly via the glycolytic path. In the 
testicular sperm cells, this ratio, glucese-6-C™ : glucose-1-C', varied from 0.07 to 
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TABLE 1 
Reeovery of radioactivity in respiratory CO, from labeled glucose 


Recovery (% ) 





Sperm specimens G-6-C"/G-1-C" 
G-1-C™ G-6-C" 
AS 60" 2.23 0.79 
B 60 $.12 0.84 
B 180 8.53 0.88 
@ 60 14.14 1.08 
Bull D 90 16.07 0.83 
D 180 17.70 1.23 
. —" I 90 18.50 O88 
Ey Sp. } 180 24.10 1.00 
F 90 18.83 0.89 
oy 180 2? 80 1.2] 
G 60 11.18 9.98 0.89 
Ram 3 | 60 13.92 17.16 1.23 
I 60 17.03 24.67 1.44 
J 60 0.83 0.41 0.49 
Bull K 60 0.90 0.37 0.41 
I 60 1.32 0.34 0.26 
: M 60 0,49 0.07 0.14 
T.S.C. M —240 1.05 0.09 0.09 
Ram N — 60 0.74 0.05 0.07 
N —240 1.32 0.11 0.08 
0 60 O.85 0.07 0.08 
O —240 1.22 0.14 0.11 


It has been noted from the table above that, with the testicular cells, the ratios of G-6-C": 
G-1-C" found in the ram were considerably smaller than those found in the bull. There were 
also indications of difference between the rate of glucose utilization in epididymal and testicular 
sperm cells. These are presently under investigation and the results will be reported later. 

‘ Ep. Sp. denotes the epididymal spermatozoa. 

*T.S.C. denotes the testicular sperm cells. 

* The letters A, B, C, ete. denote the specimens. 

“The numbers 60, 90; 180, and 240 denote the time of incubation in minutes. 

0.49, indicating that the appearance of C-1 as COs preceded that of C-6. This 
preferential conversion to CO. from C-1, as compared to C-6, of glucose in 
the testicular sperm cells suggested that metabolic pathways other than gly- 
colysis were involved. For instance, in the pentose cycle, the 6-phospho-glu- 
conate is oxidized and decarboxylated to form keto-pentose phosphate with the 
loss of C-1 as COs. Thus, the appearance of C-1 to COs in this pathway would 
precede that of C-6. This is also true in the Entner-Doudoroff scheme. Such 
preferential conversion of C-1 to CO» in the pentose cycle and Entner-Doudoroff 
scheme sharply differentiates these two pathways from glycolysis. In glycolysis, 
the C-1 and C-6 of glucose become the beta carbon atoms of pyruvate or lactate 
and tend to be reserved, and in case of subsequent oxidation via the tricar- 
boxylic acid cycle the carbon atoms 1 and 6 of glucose should simultaneously 
give rise_to carbon dioxide in identical yield. 

Our findings on the use of the glycolytic cycle by epididymal spermatozoa, 
and the employment of alternative pathways by the sperm cells from the testis, 
may strengthen the suggestion of Mann (15) concerning the characteristic 


changes from ribose nucleic acid (RNA) to desoxyribose nucleic acid (DNA 


during spermatogenesis. The shift from RNA to DNA in the sperm cells during 
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their development may be closely related with the change in the metabolic path 
of glucose utilization in these cells. It has been suggested (3, 12) that the ribose 
of RNA is mainly derived via the oxidative pathway; whereas, the desoxyribose 
of DNA arises from triose phosphate generated from the Embden-Meyerhof 
scheme. 

In the studies of bacterial metabolism, Cohen and associates (3, 4, 12) found 
that, whereas a normal E£. coli cell divided after producing normal cellular con- 
stituents, with a ratio of RNA to DNA of about 3:1 to 5:1, the T2 virus—infected 
cell almost exclusively synthesized the virus constituents which were rich in 
DNA. They found that in normal cells the use of the phospho-gluconate path- 
way accounted for about 33% of the glucose consumed; whereas, under con- 
ditions of virus infection a maximum of only about 29% of the glucose was 
catabolized via the oxidative path. 

In related work, Leuchtenberger and coworkers (13, 14), using Feulgen 
microspectrophotometric techniques, found that the DNA content of individ- 
ual spermatozoa obtained from fertile human males was constant and uniform, 
both within individual and among different donors. Spermatozoa from men 
with suspected infertility showed significantly lower and varying amounts of 
DNA. It is possible that the deficiency of DNA in the spermatozoa, associated 
with one type of human infertility, may be due to failure of the fully formed 
spermatozoa to acquire the metabolic pattern normally possessed by mature 
sperm cells; or, the deficiency in DNA content in the ejaculated sperm from 
infertile men could be due to a fault in spermatogenesis, where ejaculated 
spermatozoa still retain the metabolic behavior which occurs only in immature 
sperm cells. 
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SUMMARY 

The genetic part of the variation between herds has been estimated. In Method A the 
intra-sire regression of heifer production on herd average is used; whereas, in Method B, 
the variance components for herd differences between related and between unrelated cows 
in different herds are compared. Both methods imply that the genetic part of the 
differences between herd averages is caused entirely by additive gene effects. Evidence 
from the literature, though scanty, indicates that this is a good approximation. 

Method A was applied to records of 1,072 Jersey HIR cows and of 880 Holstein 
DHIA cows. The results indicated that 14 and 10%, respectively, of the differences 
between herd averages in the two populations are heritable. 

Prediction equations which utilize both individual performance and herd average are 
developed. Selection according to these indexes should be 1.19 and 1.35 times as effective 
as selection based on individual performance alone, without reference to herd averages, 
in the Jersey and the Holstein population, respectively. 

Method B was used on records of 2,903 artificially sired Holstein DHIA heifers and 
of 735 of their dams. When the variance components were derived from an analysis 
within years, the heritability of herd differences was 6.5%, both for milk and butterfat 
production. When the analysis was within year-seasons, the resulting heritability esti- 
mates were much higher (28 and 24%). It is suspected that the large size of the latter 
estimates results from sampling variation and, therefore, that the latter values are 


too large. 


The average production of milk and fat varies widely from herd to herd in 
nearly all collections of DHIA or HIR data. These differences between herds 
are usually so important that they cause almost 30-45% of the variance between 
individual records in the whole population. Few attempts have been made to 
separate the differences among herds into genetic and environmental components. 
The major reason for this is probably the almost complete confounding of the 
genetic merit of a herd with the specific environment of that herd, where each 
herd uses its own sire or sires. Knowing how much of the herd differences are 
genetic becomes important whenever replacements are to be brought from other 
herds. This is infrequent with female stock but is the rule with sires, which nearly 
always are reared in some other herd than that in which they are to be used. 


METHODS 
The use of sires in several herds, a practice which occurs occasionally in 
natural service and is almost universal in Al (artificial insemination), produces 
half-sisters in different herds. In such data, sire and herd are orthogonal, apart 
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from the inequality of numbers. This permits investigating the relative impor- 
tance of differences in average breeding value and differences in average environ- 
of 


methods of analysis were used 


ment herds, in determining herd differences in average production. Two 
in the present study; these hereafter will be 
referred to as Methods A and B. 

Method A was first suggested by Robertson and Rendel in 1954 (10). It uses 
the relation between yield of first-generation Al-daughters and the average of 
the herd to which they belong. The verbal argument is: If differences between 
herds are entirely environmental in nature, the intra-sire regression of AI- 
daughters on herd average is unity.* At the other extreme, if herd differences 
are caused entirely by differences in average additive? genetic merit of herds, this 


regression will be 0.5. Figure 1 illustrates these two extreme situations. 
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Fig. 1. Intra-sire regression of heifer production on herd average. 


If differences between herds were entirely environmental in nature. 


-If differences between herds were entirely genetic in nature, and the breeding value 


of sire was 400 Ib. 


The intra-sire regression of daughters on their herd average, which includes 
neither their own performance nor that of any paternal half-sisters, has the 
expectation : Le+A 
+ ArT 


n 


G2 
G+E 
where G, E, A, and W refer to the genetic herd, environmental herd, time period, 


‘After the sampling variation due to finite size of herd has been removed. 

‘Even if dominance and epistasis were important causes of individual differences, they 
could contribute only a tiny bit to the true genetie differences between actual herd averages, 
So few dairy herds are 


bred as closed populations, or are otherwise closely line-bred, that the 


dominance and epistatic deviations are almost random as between herd mates. 
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and residua) variance, respectively, and n» is the number in that herd average. 
After removing from this the year component (4) and the amount (W/n) of 
intra-herd variance in the denominator, the expectation of b, the regression co- 
_— G/2+ E G 
efficient, thus corrected, becomes ————— , then 2(1 — bh’) = -—— . This is an 
G +28 G+E 

estimate of the heritability of herd differences. 

MecGilliard in 1952 (6) compared the herd-component of half-sisters in dif- 





ferent herds with that of unrelated cows in different herds, as a way of esti- 
mating genetic differences between herds. In this article this approach is called 
Method B. The herd component between unrelated cows in different herds can 
be expected to contain all the differences in average breeding value and average 


environment of the herds; thus, 4 = G+ E. The herd component between first- 


7 
generation Al-daughters in different herds will have the expectation H = = + E. 


The difference between these two herd components equals (3/4)@. Multiplying 
this by 4/3 yields an estimate of the genetic element in herd differences. 


RESULTS AND DISCUSSION 


Method A was applied to two sets of data. One set consisted of 1,072 first 
records of Jersey HIR cows whose sires had at least two daughters in each of at 
least two herds. The data were a segment of a larger set which is described in 
more detail by Legates and Lush, 1954 (3). The data are rather few for the 
purpose at hand; therefore, several approximations were used in the computa- 
tion. Since the herd average included the performance both of the heifer and 
of its contemporary paternal half-sisters, the regression of heifer on contemporary 
herd average had to be freed of this automatic contribution. The corrections are 
W h?-W 

- and ———., respectively, for the heifer and for each of its contemporary pa- 
n +n 
ternal half-sisters, which are included in the herd average. W and » are as before 
and h> refers to heritability of individual intra-herd differences. Since only first 
records were used, any such first record which occurred in the second or later 
years (the data extended over 4 yr.) was related to a herd average which included 
second or later records of any of the paternal half-sisters. To ascertain the num- 
ber of contemporary half-sisters without searching for later records in the whole 
body of data, an annual rate of one-fourth for disappearance of cows from the 
herd was assumed, and an accumulative sum of all half-sisters in the herd for 
every year was computed. The variance components for year and for residual 
were obtained from Legates and Lush, 1954 (3). Table 1 presents the pertinent 
F ‘ covH H’ 
cross-products and squares and their expectations. The quantity 2 or 
; H 
indicates a heritability of herd differences of 0.14 + 0.13. 
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TABLE 1 


Sum of squares and sum of cross-products within sire* 


Sums corrected for Expectation of sums 
automaticity 


Jersey HIR data 


Squares 16,364 755 E+ 755 A +382 H 
Cross-products 12,495 (55 covA A’ + 882 covHH’ 
Ww 
E 4.28; covAA’ = A = 5.15; H = 24.21; covH H’= 22.55 


Ho!stein DHIA data 


Squares 26,785 702 E+ 702 4’+702H 
Cross-produets 20,605 °15 —+ 702 eovHH 
We A = 
E - 1.82; 5.45; A’ = 7.25; H = 29.09; covHH’ = 27.68 


“ Original data were coded to the nearest 10 Ib. 


The second set of data were records of 889 Holstein Al-heifers from Iowa. 
The DHIA-averages of the year in which the first Al-heifer calved, and of the 
year previous to this, were used as indications of the production level of the herds. 
The records were made within 3 yr. from the beginning of the recording year in 
which the first Al-heifer calved. This prevented including heifers whose dams 
also were produced by AI. The corrections for the presence of the Al-heifer and 
of her paternal half-sisters were the same as those discussed previously, except 
that this was done only for the part of the record (DHIA herd averages are 
based on annual records, whereas lactation records were used for the individual 
heifers) which was contemporary for the second of the 2 vr. which determined 
the herd level. To determine the weights with which the lactation records were 
present in the herd average, factors were derived from those used by Madden 
et al., in 1955 (7), for extending part-time records of cows less than 3 yr. old. 
Cross-products and squares were adjusted to mature equivalent by multiplication 
with 1.15 and 1.157, because 1.15 was found to be an appropriate factor to covert 
DHIA herd averages to a mature equivalent basis. W and A were taken from an 
analysis of variance, with vears and herds as main classifications. A’ is the time 
period component found on classifying the data into 2-vr. periods. The resulting 
heritability of herd differences is 0.10 + 0.10, 

Method B was applied to records of 2,903 Holstein Al-heifers from Iowa and 
of 735 of their naturally sired dams. The first available records were used. Table 2 
presents the relative size of the components as derived both from an analysis of 
the data on an intra-year and on an intra-yvear-season basis (the year was di- 
vided into two seasons—from September to February and from March to August). 
Since the herd component for naturally bred cows is computed from the dams, 
it might have been inflated somewhat if intensity of culling cows varied among 
the different herds. The resulting bias toward making the estimate of heritability 
too large must surely be small, but its amount can not be ascertained directly 


from the present data. 
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TABLE 2 


Variance components as fractions of the sum of components in the Holstein DHIA data 


Al-cows Dams 
Souree Df Milk Fat Df Milk Fat 
Intra-year 

Herd 1,176 AO 39 492 42 4 

Sire" 480 06 06 120 04 12 
Sire X herd 643 04 03 

Residual] 594 50 52 113 53 AT 

Intra-year-season 

Herd 1,452 43 40 531 51 2 
Sire“ 689 05 05 101 0 08 
Sire < herd 274 07 O7 

Residual 468 45 47 8] 49 A5 


“Sire refers to main classification of AlI-cows, but is sire-within-herds for dams. 


The components derived from the intra-year analysis indicate that 6.5% of the 
differences between herds, both in butterfat and milk production, are heritable. 
The intra-year-season analysis, however, leads to estimates of 28 and 24%, 
respectively. Most of this increase comes from an inflated herd component in 
the intra-year-season analysis of dams. With the type of analysis employed, all 
of the herd X time period interaction is in the herd component. An analysis of 
the data with herd and time periods as main classifications showed that the herd 
x year-season component was very large in the case of the dams. This explains 
most of the increase (from 6.5 to 28 and 24) in the heritability estimates, although 
the cause for the large interaction is not evident. The unbalanced array of herds 
and time periods in case of the rather few dams (735) suggests that sampling 
variation mainly may have been responsible for the inflated estimate. 

The errors attached to the estimates derived from comparing the variance 
components could not be computed, but are almost certainly much larger than 
the error of the regression estimates. Therefore, the latter deserve more confidence. 

The separate and combined estimates from the present study agree well with 
most of the estimates reported in the literature, in showing that to only a small 
extent the differences between herd averages are caused by differences in the 
average breeding values of the herds. Plum, 1935 (8), was led to estimate that 
approximately two-fifths of the variation among herds is heritable. The Table 19 
of his thesis, however, indicates a value much closer to 10-15%, if one assumes 
an environmental-genetic correlation of small magnitude, as one would expect. 
Robertson and Rendel’s, 1954 (10), regression analysis indicates a heritability of 
herd differences of 10%. Robertson and McArthur’s, 1955 (9), analysis of the 
herds from which the bulls came, resulted in a figure of similar magnitude. 
Korkman’s, 1935 (2), estimate from Swedish data is considerably higher, but 
the subsequent application of his results to estimate the breeding values of bulls 
indicated that his figures for heritability of herd differences were too high. Me- 
Gilliard, 1952 (6), applied Method B to the Jersey HIR data of the present study. 
He found that about one-third of the herd differences is heritable. However, 
he used some approximations which make a comparison with the results of this 
study uncertain. 
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Lush and Straus, 1942 (5), estimated that about 6-7% of the herd differences 
in butterfat preduction should be heritable, simply because the use of only one 
sire at a time on most dairy farms would result in an average relationship of 
8-12% among herd-mates. If the present estimates from the regression method 
are accepted, this automatic relationship, so to speak, of herd-mates would account 
for only about one-half to two-thirds of the genetic herd differences. The rest, 
then, would be due to line-breeding and assortive mating, including any past 
differences among herds in intensity or goals of selection. 

The estimates derived from the two methods contain double and four-thirds 
(Method B) of all of any variation which arises from the average dominance 
deviations being different from herd to herd. The values for the heritability of 
herd differences as derived in the present study are unbiased only if differences in 
genetic merit of the herds are caused entirely by additive gene effects, i.e., if con- 
tributions to the average breeding of a herd from gene interactions are unim- 
portant. It seems unlikely that dominance effects can be important, since dairy 
herds are rarely, if ever, bred long enough as closed populations to cause much 
correlation among the dominance deviations of herd-mates |Freeman, 1957 (1) |. 
No estimates exist of the importance of epistatic effects not involving dominance. 
In Robertson and MecArthur’s estimate of the heritability of herd differences, 
the contribution of such components approaches zero with increasing complexity 
of these components. The estimate of these authors, however, agrees well with the 
present values and with those of the literature. Thus, it can be assumed that such 
contributions are unimportant and that the estimates derived by the present 
methods are good approximations to the practical value; except, perhaps, that 
their sampling errors could still be large, with the present volume of data. 

Both methods imply that there is no correlation between average breeding 
value and environment of a herd. If a positive correlation exists, ti: *n both 
Method A and Method B overestimate the heritability of herd differences. Evi- 
dence available from the literature {|Seath, 1940 (11) and MeGilliard, 1952 (6) |, 
together with the fact that no farmer intentionally selects for lower production 
and that the information on a bull’s breeding value at the time he is chosen is 
generally meager, seem to warrant assuming that the correlation between the 
genetic merit and the environmental level of DHIA or HIR herds is negligible. 

True genotype-environment interactions would bias upwards the estimate 
from Method B, but would only decrease the accuracy of Method A. It seems 
unlikely that the interaction between herd environment and the part of the geno- 
type which is common to half-sisters is of much importance. 

The present results indicate that the genetic variance which appears between 
herd averages is not wholly negligible; i.e., that the herds constitute ‘‘ families. ”’ 
The general problem of utilizing information both about the individual and about 
the family merit, in order to maximize progress by selection, has been considered 
by Lush, 1947 (4). His formula, applied to the values found in this study and 
shown in Table 3, leads to the following selection indexes : 


G-G = 0.183 |1.14(y — x) + 0.69 (2 — p)| for the Jersey HIR population ; 
G-G = 0.232 [1.35 (y — x) + 0.49 (2 —p)| for the Holstein DHIA population. 
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TABLE 3 


Parameter estimates used in the prediction equations 


Jersey HIR Holstein DHIA 
Genetie intra-herd correlation (=r) AT 15 
Phenctypic¢ intra-herd correlation (= t) ae 38 
Heritability 18 23 
Herd size 2) 20 


G-G is the deviation of the breeding value of the individual from the general 
population mean; y, ., and p are the individual performance, the herd average, 
and the population average, respectively. These indexes should make the progress 
from selection 1.19 and 1.35 times what it would be by ignoring the herd average 
in the two populations, respectively. The rather large difference is caused by 
the genetic and the phenotypic correlations between herd-mates being more 
nearly equal in the Jersey HIR data. The different parameters can be expected to 
vary at least a little from population to population. This, of course, would alter 
the indexes, too. However, the values for the Holstein DHIA population are well 
in agreement with most of those reported more recently in the literature. Thus, 
the index derived from the Holstein data appears to have a more general value 
and could be recommended for practical use until more reliable estimates are de- 
veloped. 

The heritability of herd differences as derived in this study pertains to herds 
which use natural service and the majority of which previously had been using 
only one bull at a time. Artificial insemination from bull studs will eventually 
erase all genetic differences between herds, apart from those due to the limited 
size of herds. The importance of knowing the heritability of herd differences, 
and the urgency of further investigation of this problem, depend to some extent 
on the further spread of AI and on the extent to which sires continue to come 
from herds using natural service. Notwithstanding a further spread of AI, in- 
dividual breeders using natural service probably will continue to supply many 
of the bulls. The most nearly correct estimate of the breeding values of such 
bulls, at the time they are being chosen, will still necessitate using a good estimate 
of the heritability of differences in production between the herds from which the 
bulls come. 
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SELECTION INDICES FOR MILK AND FAT YIELD OF 
HOLSTEIN-FRIESIAN DAIRY CATTLE 


K. A. TABLER' anp R. W. TOUCHBERRY 


Department of Dairy Science, University of Illinois, Urbana 


SUMMARY 
Estimates of heritability, phenotypic and genetic correlations for milk and fat 
yield and fat per cent were obtained from the single lactation records of 20,024 daughter- 
dam pairs of the Holstein-Friesian breed. The estimates of these parameters were used 
to construct selection indices for milk and fat yield. The results indicated that a selection 
index for milk yield alone would be expected to be the most effective in improving milk 
and fat yield of dairy cattle. 





The relative usefulness of selection indices has been demonstrated by previous 
studies (1, 4,7). In one of these, Tabler and Touchberry (7), in a study of data 
from the Jersey breed, showed that the genic value of milk yield can be estimated 
10% more accurately if the cow’s fat yield also is considered, and that milk yield 
appeared to be a better criterion of selection for the genetic improvement of pro- 
duction than did fat yield. It seemed desirable to investigate these findings 
further, to determine if these results were a peculiarity of the data and/or 
of the breed from which they came. 

This paper reports an investigation of some Holstein data to compare the 
expected effectiveness of certain selection indices in selecting for milk and fat 
yield. 

SOURCE AND DESCRIPTION OF DATA 

The Holstein-Friesian Association of America provided the data for this 
study. It included Herd Improvement Registry lactation records varying in 
length from 270 to 365 days and completed during the five vears, 1948-1952. 
Samples of 20,024 single daughter-dam pairs located among 1,703 different herds 
were obtained from the data. The number of daughter-dam pairs per herd 
varied from two to 144. 

The first single lactation records available in these data were used and con- 
sisted of milk yield, fat per cent, and fat vield. Milk and fat yield were adjusted 
to a mature-equivalent, 305-day, twice-a-day milking basis. 

The means and standard deviations of milk and fat yield and fat per cent of 
the dams and their daughters are presented (Table 1). The means for fat yield 
and fat per cent of the daughters are significantly higher than the corresponding 
means for the dams. The dams were slightly more variable than the daughters, 
as is indicated by the standard deviations. 


ANALYSIS AND DISCUSSION OF DATA AND RESULTS 

Estimates of heritability. Heritability estimates were obtained in this study 
by doubling the intra-herd regression of daughter on dam. The heritable differ- 
ences in single lactation records were: milk yield, 0.27; fat per cent, 0.57, and fat 
yield 0.24. The estimates are in good agreement with most of those reported by 
other workers. - 
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TABLE 1 
Means and intra-herd standard deviations of milk yield, fat yield, and 
fat per cent of dams and their daughters 


Means Standard deviations 
Dams Daughters Dams Daughters 
Milk yield* (/b.) 13,020 13,008 2,186 2,179 
Fat yield* (/b.) 467 475 85 81 
Fat per cent 3.58 3.65 0.93 0.90 
*2x—ME—305-day basis. 


Phenotypic and genetic correlations. The intra-herd phenotypic correlations 
were obtained from the daughters’ records and were 0.89 between milk and fat 
yield, —0.20 between milk yield and fat per cent, and 0.25 between fat per cent 
and fat yield. These correlations are all highly significant (P less than .01). 

The genetic correlations were estimated by the method outlined by Hazel (2), 
using the formula: 

, COV py COV ys 


sae , , 
) \ COU ns COV us 


where the covariances refer to those between daughter and dam within herds for 


Ya G 


traits and y, and where the primes refer to records on the daughters. The esti- 
mate of the genetic correlation between milk and fat yield was 0.77; between 
milk vield and fat per cent, —0.33, and between fat per cent and fat yield, 0.54. 
The variances of these genetic correlation coefficients were calculated by using 
Reeve’s (5) formula 13, and from these variances the standard errors of r¢ a, 
re 


, and roa, Were found to be 0.018, 0.025, and 0.025, respectively 


iy 

The estimates of the phenotypic and genetic correlations obtained in this 
study are consistent with those reported from other similar studies. An inherent 
breed difference in the magnitude of the phenotypic and genetic relationship of 
fat per cent with both milk and fat vield appears as a distinct possibility. This 
can be inferred from the reported estimates of these parameters from Jersey data 

1, 4,7), as compared with the present results on Holsteins and with those given 
by Tyler and Hyatt (8), from Ayrshire data. The higher testing breeds seem to 
have a higher negative relationship between milk yield and fat per cent and a 
higher positive relationship between fat per cent and fat vield than the lower 
testing breeds. 

Relative economic values. The relative economic importance of milk and fat 
vield was determined from the data summarized by Tabler (6). The average 
blend price of Grade A—Grade B milk testing 3.6 per cent was $3.70 cwt. on the 
Chicago milk market, with an average butterfat differential of $0.08 for each 
0.1% change in fat test. Likewise, the price for butterfat was $0.87 per pound 
based on Boston cream prices. From these price statistics, a pound of butterfat 
is equivalent in price to 23.5 lb. of milk testing 3.6%. 

The index. The necessary parameters and the relative economic values given 
above can be combined with the appropriate phenotypic and genetic variances 


and covariances to construct selection indexes by the method developed by 


Hazel (2), with a modification suggested by Henderson (3). These procedures 











SELECTION INDICES FOR DAIRY CATTLE 125 


were outlined earlier by Tabler and Touchberry (7) in constructing dairy cattle 
selection indices. 
The breeding value of an individual may be defined as 
H = ayGy ra Gy a OpG yp 


where Gy, G;, and Gy» are the additive genetic effects partly determining the 
phenotypic measures (.7;) of milk yield, fat per cent, and fat yield, respectively, 
and the a;’s are the relative economic values of each characteristic. 

Let I, J;, and I» be the best possible measures of Gy, Gy, and Gy, respectively, 


, 


utilizing the information on all of the Y;’s. From this 
Ty = buy Xy + dyg Xy + big Xv 
I; = boy x Vu + Dov iy 5 as bos X Fp 
Ip = bay Py VW i bye X; + bag X 5 
where the b's are regression coefficients calculated in such a way as to maxi- 
mize r;q. The best estimate of the breeding value of an individual is: 
t t 


[= ay Iy a ay I; + Op Ip 


The phenotypic and genetic variances and covariances necessary to estimate 
the b’s are given in Table 2. A comparison of these estimates with those for the 
Jersey breed as reported by Tabler and Touchberry (7) shows there is con- 
siderably more phenotypic and genetic variability in the Holstein data than in 
the Jersey data. 

From the variances and covariances in Table 2, the following three indices 


were constructed. 


(a) I, = Aw Yr, iy — 0.52 
( b) Is = ADX y = D.6.X p lly Hy =0:55 
(ec) Ij =Xp¢ Tl, Hy = 0.45 


The expected genetic changes in milk yield, fat per cent, and fat yield per 
generation of female selection for J,, Ix, and J, are given in Table 3, assuming 
that 20% of the producing females are culled on the basis of their index value. 

Both indices J, and J, are estimates of a cow’s genic value for milk yield. The 
addition of information about fat yield to Jz enables one to increase the accuracy 
of estimating the genic value of milk yield of an individual, as is shown by the 
increase in the correlation from 0.52 to 0.55. This is more clearly shown by com- 
paring the expected genetic changes in milk and fat yield for J, and J, in Table 3. 
However, it is doubtful whether the increase of 12 lb. in the genetic change of 


TABLE 2 
Phenotypic and genetie variances and covariances of milk yield, fat per cent, and fat yield 





Fat yield 





Milk yield Fat per cent 
Milk *,749,584.4 —397.1 156,363.2 
(1,284,287.6)* (—255.3) (34,700.3) 
Fat per cent 0.817 18.04 
(0.468 ) (9.15) 


6,509.8 
(1,584.5) 


Fat yield 


* The figures in parentheses are the genetic variances and covariances. 
g ! 
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TABLE 3 
Expected genetic changes per generation of female selection in milk, 
fat per cent, and fat for 11, Ze, and Ts 


Expected genetic change* 


Milk Fat per cent Fat 
(Ib.) (%) (lb.) 
qT, Xv 206 0.04 5.6 
I. = 0.45.X y — 5.6.X, 218 0.09 3.9 
I; = Xy 151 0.04 6.9 


ap 


sased on one generation of culling the lowest 20% of the producing females. 


milk vield at the expense of 30% (1.7 lb.) decrease in that for fat vield is enough 
to recommend J» over J. 

The magnitude of the expected difference in milk vield between these two 
indices (5.8% ) is less than the 10% advantage of Js over J, in a similar study 
of Jersey data (7). It appears that the difference in the expected genetic 
progress for J, and J. in the two sets of data can be accounted for largely by the 
difference in the genetic correlation between milk yield and fat per cent. 

I, is the index to estimate the genotype for fat vield. The expected genetic 
change in milk yield for J; is 151 lb., as compared with 206 Ib. for J,, a differ- 
ence of 55 lb. while, similarly, the difference in fat yield is 1.3 lb. in favor of Js. 

The expected genetic changes for milk and fat yield are considerably larger 
than those reported for Jerseys (7), reflecting the fact that there is more genetic 
variability in the Holstein data. However, in the Holstein data, the milk tested 
3.6%, while in the Jersey data it tested 5.3%. Therefore, from an economic 
viewpoint the differences in the expected changes in milk vield are not as large 
as they appear at first glance. It is apparent that in both studies milk yield is a 
better criterion of selection for the genetic improvement of production than is 
fat vield. 
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PREPARATION AND SOME BASIC PROPERTIES OF CELL-FREE 
CELLULOLYTIC EXTRACTS OF RUMEN FLUID? 


R. W. STANLEY anp E. M. KESLER 
Department of Dairy Science, The Pennsylvania State University, 
University Park 


SUMMARY 


A method was developed by which cell-free cellulolytically active extracts were 
obtained from rumen fluid. The procedure consisted of agitating rumen fluid in a 
Waring blendor, followed by high-speed centrifugation to remove bacterial cells and 
feed particles. Rumen fluid of pIl 6.0 yielded the strongest cellulolytically active extracts. 
Extracts obtained by this method were active on carboxymethyleellulose (CMC 70-L, a 
soluble cellulose) and exhibited some activity on Whatman cellulose powder (an insoluble 
cellulose). The optimum pH for the activity of the extracts was 5.5-6.0. Erlenmeyer 
flasks as incubation vessels facilitated greater cellulose hydrolysis than did test tubes. 
Two grams of CMC as substrate appeared to be optimum when incubated in 250-ml. 
flasks containing 10 ml. of extract and 10 ml. of phosphate-citrate buffer. Rates of 
reaction trials showed maximum rates of hydrolysis immediately after adding the sub- 
strate, with little activity after the 16th hr. of incubation. Fermenting rumen fluid with 
cellulose substrate before making the extraction decreased the activity of the extract. 
Reducing sugar accumulated in flasks to which no bacterial inhibitor had been added, 
provided sterile conditions were maintained. The addition of either glucose or glucose 
and cellobiose did not decrease the rate of CMC hydrolysis. However, paper chromato- 
grams showed that a sugar corresponding to cellobiose was produced in the flasks to 
which only glucose had been added. 





Kitts and Underkofler (11) were the first to publish, in 1954, results of studies 
on cellulolytic preparations from rumen fluid. In this same year, Conchie (5) 
reported on a £-glucosidase which was obtained from sheep rumen microorgan- 
isms. Since then, Cason and Thomas (3), Gill and King (7), King (10), and 
Halliwell (8) have prepared cell-free extracts from rumen contents and have 
determined some of the basic properties of the cellulolytic enzymes contained 
therein. The optimum pH for the activity of the enzyme has been reported by 
a number of workers to be within the range of 5.4-6.0 (5, 10, 11); however, 
Gill and King (7) reported an optimum pH of 6.5. By paper chromatography, 
Kitts and Underkofler (11) showed that three sugars were formed during enzy- 
matic hydrolysis of cellulose, the main sugar being glucose, with traces of 
xylose and cellobiose. They reported that cellobiose may be an intermediate in 
cellulose hydrolysis but that, due to the ease with which it is hydrolyzed, it 
never appears in more than small quantities. 

This study was undertaken to investigate the possibility of obtaining a 
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cellulolytie extract of rumen fluid and to determine some of the properties of 
the enzyme(s) contained within the extract. 


EXPERIMENTAL PROCEDURE 


Rumen samples used in these trials were obtained from two fistulated ani- 
mals. A mature Holstein steer was used for the earlier studies; however, in 
later studies, a Guernsey cow was substituted because of an injury to the steer. 
The steer was fed grain, hay, and grass silage in winter and was pastured in 
summer, with supplementary feeding of grain and hay when needed. The cow 
received only grain and hay. Both animals were given access to water at least 
twice daily. They were exercised daily and housed in a box stall or stanchion 
during inclement weather. The cow had a normal parturition during the time 
of sampling and was lactating during the latter part of the sampling period. 
Each of the animals was fitted with a 1 in.-diameter, screw-top plastic fistula. 
Rumen fluid was obtained via the fistula just before morning feeding and 
before the animals had access to water. 

Preliminary studies in which comparisons were made between extracts 
obtained by the Waring blendor technique, as outlined below, and extracts 
obtained by the grinding technique as outlined by Mellwain (12) showed that 
the former method yielded a greater quantity of more cellulolytically active 
extract. Therefore, extracts used in the following trials were obtained by 
agitating chilled rumen juice in a filled 600-ml. screw-top Waring blendor 
jar for 10 min., followed by centrifugation for 2 min. at 1,000 r.p.m. to remove 
feed particles. The supernatant was filtered through four thicknesses of cheese 
cloth, then centrifuged at 5°C. in a multispeed attachment for the International 
Refrigerated Centrifuge at 17,000—25,000 ¢@. for 2 hr. The supernatant was used 
as the inoculum for incubation flasks or tubes. Incubation vessels contained 
equal volumes of phosphate-citrate buffer (4), extract (supernatant of the 
same pH as the buffer), and a cellulose substrate, either carboxymethyleellulose 
(CMC) or Whatman cellulose powder. Toluene was added as a bacterial inhibi- 
tor in all but one trial. In the trial where toluene was omitted, all of the 
materials except the extract were autoclaved before use, and the extract was 
passed through a previously autoclaved fritted dise bacterial filter (Corning 
No. 33990). The samples were incubated at 40°C. (all trials) for 24 hr. (except 
Trials I, Il, and IV, in which samples were removed at intervals throughout 
an incubation period). The quantity of reducing sugars produced during inecu- 
bation was the criterion for evaluating the cellulolytic activity of the extracts. 
Deproteinization was accomplished using cadmium hydroxide, as outlined by 
Kitts and Underkofler (11), followed by sugar determinations using the method 
of Underkofler et al. (13). In Trial 3, chromatograms were made on the contents 
of the flasks, to determine what sugars were present. The samples were depro- 
teinized using methanol (11) and the chromatograms were made using the 
method of French et al. (6). Their solvent was used in all of the tests; however, 
in one test two other spray reagents, p-antisidine (1) and benzidine (9), were 


used along with their solvent system. 
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In Trial 4, the rumen fluid was fermented in an artificial rumen before 
obtaining the extract. Fermentation flasks containing 45 ml. of salt solution 
(2), 185 ml. of water, 185 ml. of rumen fluid, and 6 g. of Whatman cellulose 


powder were fermented under anaerobic conditions. 


RESULTS AND DISCUSSION 


Rate of cellulose hydrolysis. Two trials were conducted to determine the 
rate of cellulose hydrolysis. Two-liter flasks containing 2.4 g. of CMC, 60 ml. of 
phosphate-citrate buffer (pH 5.5), 60 ml. of extract, and 24 ml. of toluene were 
used in these trials. In Trial 1, duplicate samples were taken from the incuba- 
tion flask initially and at 2-hr. intervals throughout a 20-hr. incubation period. 
These samples were frozen, and later all the sugar determinations were made 
at one time. In Trial 2, two replicate flasks were incubated for 30 min., with 
samples being removed before the substrate was added, immediately after adding 
the substrate (zero time), then at 5-min. intervals during the incubation period. 
A control flask, in which water was substituted for the extract, was incubated 
along with one of the 30-min. incubation flasks. The control flask was sampled 
before and after adding the substrate, then after 15 and 30 min. of incubation. 
Enzymatic activity was stopped in these samples by immediately adding the 
deproteinizing materials, then immersing the samples in boiling water for 3 
min. Results of these trials are presented (Figures 1 and 2). Figure 1 shows 
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Fic. 1. Effect of time incubated on the quantity of reducing sugars formed from CMC 
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that, while reducing sugars continued to accumulate during the entire 20-hr. 
incubation period, the increases were negligible after 16 hr. In Figure 2, it 
appears that enzymatic hydrolysis began immediately after CMC was added to 
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the flask. This was further evidenced by a detectable increase in reducing sugar 
between the samples taken before and after the substrate was added. The time 
lapse between these two samples was approximately 1 nen. There was no accu- 
mulation of reducing sugars in the control flask in Trial Z. 

Influence of added sugars on cellulose hydrolysis. Trial 3 was conducted to 
determine if adding either 0.05 ¢. of glucose or 0.05 g. of glucose and 0.05 2. of 
cellobiose to the incubation flask would decrease the amount of reducing sugars 
produced over the 24-hr. incubation period. Two replicates were conducted using 
250-ml. Erlenmeyer flasks containing 10 ml. of extract, 10 ml. of buffer (pH 5.5), 
0.4 g. of CMC, and 4 ml. of toluene. In Replicate I, two flasks, one with and one 
without glucose, were incubated. In the second replicate two flasks were incu- 
bated as above, plus a third flask containing both glucose and cellobiose. Quanti- 
tative sugar determinations were made before and after the incubation period, 
and chromatograms were made to identify the reducing sugars present after the 
incubation period. Results of this trial are presented (Table 1). The increases 
in reducing sugar concentration during incubation were approximately equal, 
regardless of whether sugar was added. It appears that the accumulation of 


TABLE 1 
Effect of added sugars on hydrolysis of CMC by cell-free extracts 





Replicate Treatment 0-hr. incubation 24-hr. incubation 








—(mg. sugar/d ml, of flask contents) 


l Glucose 10.1 23.0 
None 0.0 11.5 
2 Glucose 13.3 25.1 
Glucose + cellobiose 20.2 39.5 
None 0.9 13.5 
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reducing sugars during incubation did not inhibit CMC hydrolysis. Chromato- 
grams showed that a sugar corresponding to cellobiose was produced in the flasks 
to which only glucose had been added. 

Influence of fermenting rumen fluid before preparation of extract. Trial 4 
was conducted to determine the effect of fermenting rumen fluid in an artificial 
rumen on the activity of the extract. Extracts were obtained after fermenting 
rumen fluid for 0, 8, 16, and 24 hr. The extracts were used as the inoculum 
for four one-liter incubation flasks containing 1.2 g. of CMC, 30 ml. of extract, 
30 mil. of buffer (pH 5.5), and 15 ml. of toluene. Duplicate samples were 
removed from each of the flasks after 12, 14, 16, and 18 hr. of ineubation and 
analyzed for reducing sugar content. Table 2 presents the results of this trial. 


TABLE 2 
Effect of fermenting rumen fluid prior to obtaining the extract 








Time of Time of incubating the extract with CMC 
fermenting (hr.) 
before - _ = pated 
extracting 12 14 16 18 
(hr.) —___—__—_— (mg. sugar/5 ml. of flask contents)- 
0 11.3 11.6 11.6 12.2 
8 10.3 11.0 11.1 11.6 
16 8.6 9.4 9.6 10.4 


24 6.9 7.5 8.1 8.7 


The results show that fermentation of rumen fluid in an artificial rumen prior 
to obtaining the extract decreased the cellulolytic activity of the extract. The 
decrease in activity became greater with increasing length of fermentation 
period. There was no indication that a more active extract could be obtained 
by first fermenting the rumen juice. 

Influence of type of incubation vessel. In Trial 5, 250-ml. Erlenmeyer 
flasks and 40-ml. test tubes containing 10 ml. of extract, 10 ml. buffer (pH 5.5), 
4 ml. of toluene, and either 0.2, 0.4, 0.6, or 0.8 g. of CMC were compared as 
incubation vessels. A tube and a flask were incubated for each of the substrate 
levels tested. Three replicates were conducted. Controls were incubated during 
each replicate in which water was substituted for extract, or in which no CMC 
was included. Results of this trial are presented in Table 3. Consistently higher 


TABLE 3 


Effect of type of incubation container on the activity of the extract* 











Incubation container 














Substrate Sans 
level Tube Flask 
(g.) ———(mg. sugar/d ml. of contents) 
0.2 5.3% 8.17 
0.4 6.83 13.67 
0.6 6.20 17.70 
0.8 6.70 21.13 
Controls 
Water—0.4 g. substrate 0.33 0.40 
Extract—no CMC ° 0.67 


* Data are means of three replicates. 
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concentrations of sugar were obtained in the flasks as compared to the corre- 
sponding tubes. The differences between flasks and tubes were more pronounced 
as substrate levels increased. Sugar concentrations continued to increase with 
increasing substrate levels in the flasks, but not in the tubes. 

Optimum substrate for maximum sugar production. Trial 6 was conducted 
the same as Trial 5, except that 250-ml. Erlenmeyer flasks were used for all 
incubations. Two replicates were conducted using 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 
1.4, and 1.6 g. of CMC in individual flasks, followed by three additional repli- 
cates containing 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, and 2.4 g. of CMC per flask. Two 
control flasks were incubated for each replicate, the same as the control flasks in 
the previous trial. Data obtained from this trial, along with those obtained 
with flasks in Trial 5, are presented (Figure 3). Although differences existed 
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Fig. 3. Effect of substrate level on cellulolytic activity of extract. 


between replicates with regard to the relative activity of the cellujolytic en- 
zyme(s) contained in the extract, a remarkable uniformity existed in trends, 
with respect to level of substrate. Maximum sugar production was obtained 
when approximately 2.0 g. of CMC was present per 10 ml. of extract. 
Optimum pH for obtaining the cell-free extract. In Trial 7, rumen fluid 
samples were adjusted to various pH’s before being run in the Waring blendor. 
Portions of rumen fluid adjusted to pH’s of 6.0, 7.0, and 8.0 were used in the 
first three replicates, and pH’s of 4.0, 5.0, and 6.0 in a fourth replicate. After 
obtaining the extracts they were readjusted to a pH of 5.5 and used as the 
inoculum for incubation flasks containing 10 ml. of extract, 10 ml. of buffer 
(pH 5.5), 4 ml. of toluene, and either 2 g. of CMC or 2 g. of Whatman cellulose 
powder. Duplicate flasks were incubated for each of the pH’s of extraction 
tested during each replicate. CMC was used as the substrate for all of the pH’s; 
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however, only one of the pH’s was tested per replicate using Whatman cellulose 
powder. The data in Table 4 show that the pH of the rumen fluid influenced 


TABLE 4 
Effect of pH of rumen fluid during extraction on the cellulolytie activity of the extract* 


Whatman cellulose 


CMC pee sigs oes 
pH of rumen fluid 
pH of rumen fluid extraction extraction 
Replicate 4.0 5.0 6.0 7.0 8.0 6.0 7.0 8.0 








————__—_—_—_—_—_—_—_——(mg. sugar/d ml, of flask contents )—-— ———- 


1 44.0 42.5 39.7 4.5 
2 37.3 35.9 32.5 3.4 

3 38.8 37.9 33.58 4.1 

} 3.8 29.5 45.6 4.7 


“ All incubations were at pH 5.5. Data are means of duplicate incubations, 


the activity of the extracts obtained. The greatest differences occurred with 
the lower pH values, whereas lesser differences existed among the higher pH’s. 
A pH of 6.0 appeared to be optimum for obtaining a more cellulolytically active 
extract when incubated with CMC as the substrate. Although only negligible 
differences in reducing sugar were detected in flasks containing Whatman 
cellulose powder, it appears that enzymes were present which hydrolyzed this 
substrate to a slight extent. 

Optimum pH for the activity of enzyme(s) in the extract. In Trial 8, four 
replicates were conducted to determine the effect of pH on the activity of the 
enzyme. Duplicate flasks containing buffers and extracts adjusted to pH’s of 
4.0-7.0 at 0.5 pH unit increments, were incubated in the first three replicates. 
In the first two replicates, no attempt was made to compensate for the slight 
amount of dilution which occurred when either citric acid or sodium hydroxide 
was added to the extract to adjust the pH. In the third replicate, the dilution 
was compensated by an increase in the volume of extract used. The buffer was 
reduced by the same amount the extract was increased, so that after adding 
4 ml. of toluene, each flask contained a total of 24 ml. The fourth replicate 
included only four pH.’s: 5.0, 5.5, 6.0, and 6.5. One pair of flasks for each pH 
was compensated for dilution and another pair was not. Each flask contained 
2 e. of CMC as the substrate. The results of this trial are presented (Table 5). 


TABLE 5 
Effect of pH during incubation on the cellulolytic activity of the extract* 
: pH of incubation flask contents 
Volume - 





Replicate adjusted 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
—————__———--(mg. sugar/d ml. of flask contents )—————— - 
] No 15. 27.8 37.7 46.6 47.7 43.1 33.3 
2 No 10.8 12.8 32.4 41.0 41.6 39.2 31.8 
3 Yes 2.1 17.3 25.5 31.1 30.4 27.8 21.9 
$ Yes 40.2 46.1 45.8 41.5 
No , 41.0 47.1 46.3 41.3 
Mean 11.8 21.6 34.1 41.5 41.5 37.9 29.0 


‘Data are means of duplicate incubations. 
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It is apparent that optimum activity of the enzyme(s) occurred when the pH 
of the flask contents was between 5.5 and 6.0. Replicates 1 and 2 showed peak 
activities at pH 6.0, whereas Replicates 3 and 4+ had peak activities at pH 5.5. 
Volume adjustment for amounts of acid or alkali used to adjust pH for peak 
activity appeared to decrease sugar production slightly at the optimum pH 
range (Replicate 4), but had no effect on determination of the pH for peak 
activity. Cellulolytic activity was reduced markedly on either side of the 
optimum pH. 

Toluene vs. aseptic incubation as means of inducing sugar accumulation. 
Trial 9 consisted of three replicates of three flasks per replicate. The flasks 
contained 2 g. of CMC, 10 ml. of extract obtained from rumen juice at a pH 
of 6 with no further pH adjustment, and 10 ml. of buffer at a pH of 6. To one 
flask in each replicate, 4 ml. of toluene was added as the bacterial inhibitor. 
The second flask was made up following the sterile technique as outlined in the 
experimental procedure, while the third flask, which served as a control, con- 
tained no antiseptic—nor was it made up using sterile techniques. Two repli- 
cates were conducted with unequal volumes in the flasks. In the third replicate, 
$4 ml. of sterile water was added to the sterile flask, and 4+ ml. of tap water to 
the control, making the volume in all flasks equal. Sugar determinations and 
the pH of each flask were measured after a 24-hr. incubation period. Data 
from these replicates are presented (Table 6). The results indicate that an 


TABLE 6 


Toluene vs. sterile technique as a means of inducing sugar accumulation 


Control, no toluene, 


Toluene added Sterile not sterile 
Reducing Reducing Reducing 
Replicate sugars pH sugars pH sugars pH 
(mg/5 ml.) (mg/d ml.) (mg/d ml.) 
l 45.7 6.15 46.8 6.20 29.0 5.25 
» 49.3 6.20 51.0 6.20 30.8 5.30 
3 40.0 6.20 34.1 6.20 24.2 5.60 


increase in reducing sugars was obtained, under sterile conditions, similar to 
that noted when toluene was added as the bacterial inhibitor. Considerable 
accumulation of sugars was noted in control flasks, although the amount was 
approximately 37% less than in the other flasks. The pH in the sterile flasks 
remained the same as in the toluene-inhibited flasks, whereas the contents of 
the control flasks became more acid. The reduction in pH and lowered reducing 
sugar concentrations in control flasks probably resulted from bacterial action. 

Influcnce of agitation time in the Waring blendor. Preliminary studies 
indicated that cellulolytic activity of the extracts increased with increasing 
lengths of time of agitation in the Waring blendor. For this reason, a time 
of 10 min. was used throughout the previous trials. However, since changes 
in the procedure for obtaining and testing the extract had been made since the 


preliminary studies, Trial 10 was conducted to re-evaluate the influence of 
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agitation time in the Waring blendor on the activity of the extract. Extracts 
were obtained from rumen fluid which was adjusted to a pH of 6.0 and had 
been agitated in the Waring blendor 0, 5, 10, and 15 min. For each treatment, 
duplicate flasks containing 10 ml. of extract, 10 ml. of buffer (pH 5.5), 2 g¢. 
of CMC, and 4 ml. of toluene were incubated. Results of this trial showed that 
lengths of agitation in the Waring blendor beyond 5 min. did not increase the 
cellulolytie activity of the extract. The 5-min. period of agitation, however, 
did produce an extract that was 3.5 times more active than the zero-time extract. 
The extracts obtained without agitation were considerably more active in 
preliminary trials, due possibly to improvements in conditions and techniques 
in preparation of the extract. 


DISCUSSION 


These studies show that an active cellulolytic extract can be obtained from 
bovine rumen fluid by agitating the rumen fluid in a Waring blendor for 5 min. 
The mechanisms by which the agitation increases the activity are unknown; 
however, it is doubtful that the bacterial cells are ruptured. Data obtained 
from Trial 7 show that the activity of the extract is influenced by the initial pH 
of the rumen fluid. King (10) reported that the activity of the extract which 
he obtained increased as the pH of the rumen fluid increased from 6.5 to 8.5. 
Although he reported that the activity was influenced by the pH of the rumen 
fluid, his findings are not in agreement with the data in this experiment, which 
show an optimum pH of 6.0 for obtaining the extract. 

Cason and Thomas (3) reported that extracts obtained at different intervals 
after feeding vary in their cellulolytic activity. King (10) reported that the 
enzyme is bound to the substrate. These reports indicate that either more 
enzyme is produced at certain times during cellulose digestion or more enzyme 
may be free during certain periods of digestion. Results of Trial IV, conducted to 
determine whether a more active extract could be obtained from rumen fluid 
following fermentation, showed that at none of the fermentation times tested 
was there any indication that a more active cellulolytic extract could be obtained. 
Perhaps two related factors could account for sufficient substrate remaining 
after fermentation to bind the enzyme. Either the initial level of substrate was 
too high or end-products of fermentation prevented complete hydrolysis. 

The differences in the quantity of reducing sugars produced in flasks as 
compared to tubes (presented in Table 3) were probably due to the increased 
surface for the reacting mixture. This is an important factor in laboratory 
studies ; however, it may or may not be an important factor for digestion within 
the rumen. 

The optimum pH of 5.5-6.0 (as presented in Table 5) is in the range of 
that reported by a number of workers (5, 10, 11). However, it is in slight 
disagreement with an optimum pH of 6.5 reported by Gill and King (7). 

Chromatograms showed that a sugar corresponding to cellobiose was pro- 
duced in flasks to which only glucose had been added. Kitts and Underkofler 
(11) reported that céllobiose may be an intermediate in cellulose hydrolysis 
but, that due to the ease with which it is hydrolyzed, it never appears in more 
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than small quantities. The present study indicates that the addition of glucose 


suppresses the reaction, thus allowing the accumulation of cellobiose. 
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A COMPARISON OF THREE PASTURE PLANS WITH 
GRASSES FOR DAIRY COWS! 


E. P. SMITH anp E. A. KEYES 
Department of Dairy Industry, Montana Agricultural Experiment Station, Bozeman 


SUMMARY 

A comparison of three pasture management plans was made for periods of 3 yr. 
with pasture forage that was mostly grasses. The one-day rotational grazing management 
plan resulted} in more total digestible nutrients consumed by the cows from the pasture 
forage when° compared with the ten-day rotational grazing management plan. These 
differences were not significant at any time during the experimental periods. The soil- 
ing management plan also resulted in more total digestible nutrients being obtained 
from pasture when compared to the ten-day rotational management plan, but these 
differences were not significant. 

When the effect of years is removed, the average feed costs of producing 100 Ib. 
of milk by the cows on the ten-day rotational, one-day rotational, and soiling management 
systems were $1.19, $1.29, and $1.55, respectively. 

It can be concluded that with a pasture mixture made up largely of grasses in these 
trials, the ten-day rotational grazing system resulted in a lower feed cost per 100 lb. of 
milk than did the one-day rotational grazing or soilage management systems. 


Successful dairymen constantly are looking for ways to reduce the cost of 
milk production. Since feed is one of the primary costs of producing milk, 
considerable attention has been given to the more efficient use of cheaper feeds, 
namely, pasture and other roughages, as a means of reducing feed costs. The 
more efficiently these feeds are utilized, the more likely it is that feed costs will 
be reduced, but good pasture management is necessary if maximum benefits are 
to be obtained from this feed source. Several different pasture management 
systems have been used. 

Continuous grazing. Turning the cows out to pasture and leaving them on 
the same pasture throughout the pasture season is known as continuous grazing. 
Studies on grazing efficiencies have revealed that frequently as low as 50% of 
the forage produced in a pasture is actually consumed when the continuous 
grazing system is used (12). 

Rotation grazing. Some dairymen use more than one pasture and rotate 
the milking cows from one pasture to another on a planned schedule. This is 
referred to as the rotation grazing system of pasturing. 

Daily rotational grazing, or strip grazing. Some dairymen have adopted a 
system of pasture management in which the cows are pastured on a new strip of 
pasture each day. This pasture management system is sometimes called the 
daily rationed grazing system. 

Soilage. Another system of feeding pasture forage to dairy cows is to cut 
the green pasture grasses and haul the green forage to the cows that are kept in 
a dry lot. This system of pasture management is called soilage. 


Received for publication June 17, 1958. 


‘Contribution from Montana State College, Agricultural Experiment Station, Paper No. 
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Due to the interest in these various pasture management plans, this research 
project was undertaken. The project was designed to compare three of the above 
pasture management systems as to the total digestible nutrients consumed from 
pasture; milk production, and the feed costs of milk production. 


REVIEW OF LITERATURE 


The development of pasture management systems that have resulted in more 
efficient use of pasture grasses was started in other countries before it was started 
in the United States. Holmes and Waite (7) were among the European investi- 
gators that, in 1950, proposed strip grazing or daily rotational grazing. The 
strips were provided by the use of temporary electric fences. This system has 
been widely adopted in England and New Zealand and is now being adopted 
by some dairymen in the United States (12). 

European workers (4, 6, 8,9, 13,14) have reported 20 to 40% increases in 
yield from strip grazing as compared to continuous grazing. However, Brun- 
dage and Petersen (1,11), using identical twins, found small differences in 
animal production under the two systems. They did obtain greater yields of 
total nutrients, however, from strip grazing because a large portion of the total 
herbage was harvested as hay; whereas, any excess herbage produced on the 
continuously giazed pasture was wasted. 

Brundage ef al. (3) compared a rotational and a strip grazing management 
plan in Alaska. The pasture forage was smooth brome grass. The results of their 
experiment revealed that the utilization of the smooth brome grass pasture was 
only slightly more efficient when strip grazing was employed. They concluded 
that nearly all the potential production from a pasture of this type was utilized 
under a good system of rotational grazing. 

Brundage and Sweetman (2) made the same comparison, using a pasture 
that was a mixture of alfalfa and smooth brome grass. With this type of pasture 
forage, strip grazing resulted in a highly significant increase in total digestible 
nutrients (TDN) obtained from pasture. 

Henderson et al. (5) are conducting an experiment in Rhode Island in which 
the pasture grass is cut and fed green to the cows in the dry lot (soiling). They 
reported that soiling did not result in any more milk per cow, but that the acres 
of pasture required per cow were less. 


EXPERIMENTAL PROCEDURE 
During the pasture season of 1953, 40 cows were divided into two equal 
groups with 12 Holsteins and eight Jerseys in each group. Group I was pas- 
tured on the ten-day rotational grazing management plan, whereas Group II 


was given a new strip of pasture each day (daily rotational grazing plan). The 
experimental period was 60 days. 

A total of 28.4 acres of pasture was divided into three equal pastures. Each 
pasture was then subdivided into two equal areas. One area of each pasture was 
used for the group of cows on the ten-day rotational plan. The other area of 
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each pasture was divided by electric fences into strips of pasture to be used by 
the daily rotation group. 

The pasture forage was a mixture of orchard grass, Kentucky blue grass, 
tall fescue, white Dutch and alsike clover. It was estimated that the legumes 
made up an average of 23% of the pasture forage. The pastures had had an 
application of manure, but the grass had a yellow color, indicating a nitrogen 
deficiency. 

During the summer of 1954, 27 cows were divided into three equal groups. 
There were five Holsteins and four Jerseys per group. The cows of Group I 
were rotated to a new pasture every ten days (ten-day rotational grazing man- 
agement plan). The cows of Group II were rotated to a new pasture every day 
(daily rotational grazing plan), whereas the cows of Group III were left in the 
dry lot and the green pasture grass was hauled to them (soiling). The green 
forage was fed to the cows of Group III by means of self-feeding wagon. The 
experimental period consisted of 70 days. 

Twenty acres of the same pastures that were used in 1953 were used the 
second year, and were divided into two equal pastures. Each pasture was then 
subdivided into three equal areas. Each area of the two pastures was assigned 
at random to one of the three pasture management plans. The pasture mixture 
was the same except that legumes made up only about 10% of the pasture 
forage. A small amount of manure had been added during the previous winter, 
yet the grass still had a yellow color, as was noted during the summer of 1953. 

During the summer of 1955, 32 cows were divided into two equal groups. 
There were nine Holsteins and seven Jerseys per group. The cows of Group I 
were rotated to a new strip of pasture every day (daily rotational grazing plan). 
The cows of Group II were kept in the dry lot and fed the cut green grass by 
means of the self-feeding wagon (soiling). The experimental period consisted 
of 60 days. 

The same pastures that were used in 1954 were used in 1955, except that each 
pasture was divided into two areas. One area was used by the group of cows on 
the daily rotational plan (Group [), and the other area was used for soilage 
(Group IL). The percentage of legumes in the pasture forage was estimated to 
be approximately 10%. 

Throughout the three summer experimental periods, all of the cows were 
managed exactly the same, with the exception of the pasture management plan. 
They were fed the same grain ration at a rate of 1 lb. of grain for every 4 lb. of 
4% milk produced. Table 1 shows the grain ration that was fed. 

This grain ration contained 13.2% protein as determined by chemical analysis. 
The cows were weighed at the beginning and at the end of every ten-day period 
throughout the experiment. The daily milk weights were recorded and the milk 
was tested for fat every month by a Herd Improvement Registry tester. The 
pounds of total digestible nutrients the cows obtained from the pasture were 
calculated according to the method of Knott (10). The data obtained were 
analyzed statistically according to standard statistical procedures (15). 
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TABLE 1 


Composition of grain ration fed to the experimental cows 


(lb.) 

Barlcy 385 
Wheat bran 200 
Dried molasses beet pulp 300 
Linseed oil meal 100 
Bone meal ‘a 5 
Salt aes taliptes'snib 10 
Total as 1,000 


RESULTS 

Table 2 is a summary table of the results obtained from the 3 yr. of pasture 
experimental work. The data in this table reveal that during the 1953 experiment 
there was little difference between the two groups in the quantity of digestible 
nutrients obtained from pasture. The cows of Group | (ten-day rotational graz- 
ing plan) consumed 1,315 lb. of total digestible nutrients (TDN) from pasture, 
whereas the cows of Group II (daily rotational grazing plan) consumed 1,332 Ib. 
of TDN. This is a difference of only 17 lb. of TDN and is not statistically sig- 
nificant. However, the cows of Group II produced 1,584 more pounds of milk 
during the 60-day experimental period than did the cows of Group I. Since the 
cows were fed grain according to their milk production (1 lb. grain per 4 lb. of 
4% fat corrected milk), the cows of Group Il were fed more grain; as a result, 
their total TDN consumption was higher than for Group I. 

It was planned that any surplus forage on either grazing plan would be 
harvested and credit given to the proper grazing plan. However, during the 
1953 experiment, there was no surplus forage to be harvested. 

To calculate the feed costs of producing milk, a pasture charge of $4 per 
animal unit (1,000 lb.) per month was used. The labor required to change the 
temporary electric fence was valued at $1 per hour. Using these cost figures, the 
cows on the ten-day rotational pasture management plan produced milk slightly 
less expensively than did the cows on the one-day rotational management plan. 
The feed costs of producing 100 |b. of milk by the cows on the ten-day rotational 
and the one-day rotational pasture management plans were $1.31 and $1.37, 
respectively. 

The three comparisons made during the 1954 season were the ten-day rota- 
tional grazing plan, the one-day rotational grazing plan, and cutting the grass 
and feeding it green to the cows in the dry lot (soiling). The data in Table 2 
reveal that the cows of Group II (one-day rotational grazing) obtained more 
TDN from pasture than did the cows of the two other groups. The cows of 
Group II consumed a total of 1,740 lb. of TDN per acre of pasture, whereas the 
cows of Groups III and I consumed 1,720 and 1,617 Ib., respectively. When these 
differences were analyzed statistically, they were found not to be significant. 
As in the 1953 experiment, it was planned that any surplus forage should be 
harvested and credit given to the proper grazing plan according to the area of 
the pasture from which it was harvested. However, during the 1954 experiment, 


there was no surplus forage to be harvested. 
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The cost of the feed to produce 100 lb. of milk was calculated by using the 
same cost figures as were used for the 1953 experiment, except that $2 per hour 
for machinery charge was added. Using these figures, the cows on the ten-day 
rotational management plan produced milk at a lower feed cost. The feed cost 
for the production of 100 Ib. of 4% milk for Groups | (ten-day rotation), 
Ll (one-day rotation), and ILI (soiling) was $1.16, $1.31, and $1.55, respectively. 

During the pasture season of 1955, the one-day rotational grazing pasture 
management plan was compared with soiling. The data shown in Table 2 reveal 
that the cows of Group IL (soiling) consumed slightly more TDN from pasture 
than did the cows of Group | (one-day rotational grazing). The pounds of TDN 
consumed per acre of pasture by the cows of Groups | and II were 1,635 and 
1,743, respectively. However, during the experimental period, there was 7,200 
lb. of surplus forage on the area of the pasture used for Group | that was har- 
vested and fed green to cattle not on the experiment. It was estimated that this 
forage contained 1,052 lb. of TDN. When credit for this harvested forage is 
given to the one-day rotational grazing plan, a total of 1,740 lb. of TDN per acre 
of pasture resulted from the one-day rotational grazing plan. This makes a 
difference of only 3 lb. of TDN per acre in favor of Group II, and this difference 
is not statistically significant. 

The feed costs of producing 100 Ib. of milk were calculated using the same 
cost figures as used in the two previous experimental trials. The feed cost per 
100 lb. of milk for the cows of Group | (soilage) was $1.47, and $1.20 for the 


cows of Group II (one-day rotational). 


DISCUSSION 

The results of this study indicate that the ten-day rotational pasture manage- 
ment plan was the most economical under the conditions of the three trials. The 
additional total digestible nutrients obtained from pasture by the daily rotational 
and soilage plans over those obtained by the ten-day rotational management plan 
were not significant when analyzed statistically. This is contrary to the findings 
of other research workers (2, 3, 4, 6, 9, 13, 14). 

There are several factors that could have influenced the results obtained from 
these trials. One factor was that the pasture forage was largely grasses. The 
findings of Brundage and coworkers (3) would indicate that the response of strip 
grazing over a rotational system is only slight when the pasture forage is made 
up of grasses. 

Another factor that may have been responsible for the small difference be- 
tween the grazing management plans was thet there was evidence of a need for 
fertilization. The growing forage did not have the dark-green color that is 
usually associated with normal pasture plants. This may also have accounted 
for the slower recovery of the pasture. As was stated previously, it was planned 
to harvest any surplus grass and credit it to the appropriate management system. 
However, surplus forage occurred only one time (in the 1955 trial), and there 


was a shortage of forage near the end of all three trials. 
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EFFECT OF NITROGEN FERTILIZATION OR UREA 
SUPPLEMENTATION UPON THE DIGESTI- 
BILITY OF GRASS HAYS! * 4 


R. A. MARKLEY, J. L. CASON, anp B. R. BAUMGARDT 


Department of Dairy Seience, Rutgers University, New Brunswick, New Jersey 
} : £ ’ , 


SUMMARY 

The addition of at least 200 lb. of nitrogen per acre to bromegrass and orchard- 
grass increased the crude protein, TDN, and gross energy above that of the bromegrass 
and orehardgrass fertilized with no more than 25 Ib. of nitrogen per aere. This high 
rate of application also significantly increased the apparent digestion coefficients of 
protein and energy of the bromegrass and orchardgrass rations above those of the low-N 
rations. The apparent digestion coefficients of fiber of the grasses were significantly 
increased above those of the comparison roughage alfalfa. These hays were fed to dairy 
heifers during two digestion trials. The addition of 15 g. of urea per pound of orchard- 
grass hay which was not fertilized with nitrogen resulted in the low-N hay having a 
-protein equivalent equal to the protein content of the high-N hay. The apparent diges- 
tion coefficients of the protein and fiber, and TDN of the low-N-plus-urea ration were 
not only significantly greater than the low-N ration but were significantly greater 
than the high-N and alfalfa rations. The application of nitrogen as a fertilizer to 
bromegrass, or as a feed component in the form of urea to orchardgrass hay, increased 
the apparent digestion coefficients of protein and fiber, and the TDN of the hay rations. 


The difficulty of establishing and maintaining quality stands of alfalfa for 
hay has focused attention upon the problem of improving the yields of hay from 
grasses. Many workers (3, 16,17, 18,22) have improved the yield of grasses 
for hay by fertilizing with varying levels of nitrogen and, at the same time, they 
increased the percentage of crude protein, TDN, and gross energy. The digestion 
coefficients of protein, fiber, and energy also increased as a result of nitrogen 
fertilization (3, 18, 22). 

The addition of nitrogen in the form of urea to low-hull rations and medium- 
hay rations increased the digestion coefficients of protein amd fiber (9). The 
following two digestion trials were conducted to study the digestibility of brome- 
grass and orchardgrass hays as influenced by nitrogen application. 


EXPERIMENTAL PROCEDURE 


Four digestion stalls were constructed according to Horn et al. (10), with 
minor modifications. Urine was collected by means of a Size 20 Bardex hemo- 


statie catheter with a 30-ml. balloon (6). 


Received for publication July 24, 1958. 
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Four 16-mo.-old dairy heifers (three Jersey and one Brown Swiss) were 
used in the first total collection digestion trial. The four rations, fed twice 
daily, were second-cutting alfalfa hay and three second-cutting bromegrass 
hays grown with 25 (low-N), 125 (medium-N), and 225 (high-N) Ib. of nitrogen 
per acre, respectively. 

In the second trial, four 7-mo.-old Holstein dairy heifers were used. The 
four rations, fed twice daily, were second-cutting alfalfa hay and three first- 
cutting orchardgrass hays: (1) zero lb. (low-N) nitrogen per acre, (2) zero Ib. 
nitrogen plus urea (low-N-plus-urea) to equal the protein content of the ‘‘high- 
N’’, and (3) 200 Ib. (high-N) nitrogen per acre. For the ‘‘low-N-plus-urea”’ 
ration, 15 g. of du Pont Two-Ninety-Two (46.7% N) were dissolved in water and 
sprayed on each pound of low-N orchardgrass hay, then allowed to dry. 

Ten-day preliminary and seven-day collection periods were used (20). An 
extra period of observation was added to the 4X 4 Latin-square change-over 
design, to estimate carry-over effects more effectively (11). 

The animals were fed previously weighed and sampled hay rations at 8 a.m. 
and 5 p.m. each day. The ad lbitum preliminary intake was reduced to 80% 
during the collection period. 

The feces (1/40th of total weight) and urine (1% of total volume) were 
sampled once daily. The feces were immediately dried at 100 + 1° C. for 24 hr. 
The urine was refrigerated in an air-tight jar containing HeSO, and toluene. 
Sulfuric acid and toluene were added daily to the plastic carboys used for urine 
collection. 

Proximate analyses were conducted as outlined by the Association of Official 
Agricultural Chemists (1,2), with minor modifications. Nitrogen was determined 
in the urine to provide a nitrogen balance. Gross energy determinations were 
conducted with an Emerson Calorimeter, equipped with a Daniels Adiabatic 
Jacket. 

The analyses of variance of the extra-period designs used in these trials were 
conducted as outlined by Lucas (11), and the multiple range test was conducted 
as outlined by Duncan (7). The correlation coefficients were calculated as de- 
scribed by Snedecor (19). Calculation of the least-squares line of relationship 
was used to express the regression equations (15). 


RESULTS AND DISCUSSION 


The average chemical composition of the rations fed in both trials can be 
seen (Table 1). There was a definite increase in crude protein and gross energy, 
and a decrease in crude fiber and nitrogen-free extract, as a result of increasing 
nitrogen fertilization. Other workers (3, 16,18,22) reported similar results 
with grass hays. Of the papers on nitrogen fertilization of grasses, reviewed by 
Markley (12), all workers reported an increase in crude protein of grass hays 
as a result of nitrogen fertilization. 

For the sake of simplicity in this paper, apparent digestion coefficients will 
always be referred to as digestion coefficients. 
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TABLE 1 


Average chemical composition of the rations (air-dry basis) 


Crude Crude Ether N-free Gross 
protein fiber extract Ash Moisture extract energy 
-—(%) ee (cal/g) 
Trial 1—Brome 
grass 
Alfalfa 17.3 22.7 Ld S.S8 10.6 38.2 4,092 
Low-N 7.5 30.1 2.3 6.5 9.1 $4.6 4,158 
Medium-N 12.5 29.7 2.5 5.6 9.5 40.3 4,261 
High-N 17.2 27.2 2.8 0.9 9.0 38.0 4,348 
Trial 2—Orchard- 
grass 
Alfalfa 16.5 25.5 2.0 te 10.2 38.1 4,252 
Low-N 6.5 33.2 1.9 4.8 9.1 44.5 4,212 
Low-N plus urea 15.8" 32.3 1.8 $.9 9.2 42.1 4,148 
High-N 15.1 27.8 2.3 5.4 10.3 39.2 4,332 


‘Protein equivalent. 


The protein digestion coefficients of the bromegrass and orchardgrass rations 
(Table 2) increased with increasing nitrogen fertilization, and those of the low-N 
orchardgrass ration also increased with the addition of nitrogen as urea. The 
protein digestion coefficients of the high-N and alfalfa rations of both trials were 
significantly greater (P < 0.01) than those of the low-N rations (Tables 3 and 4). 
Barth (3) reported similar results with bromegrass hay. Many workers (8, 14, 16, 
18, 22) increased the digestion coefficients of protein of grass hays by the appli- 
cation of nitrogen fertilizer. 

The digestion coefficient of the protein equivalent of the low-N-plus-urea 
ration was significantly greater (P < 0.01) than that of the low-N, high-N, and 
alfalfa rations, and was the result of the additional nitrogen supplied to the 
low-N hay by the urea. This is in agreement with the work of Gallup (9), who 
found an increase in the digestion coefficients of protein of the three hull rations 
and the medium-hay ration by the addition of urea to the rations. 

The digestion coefficients of fiber of the bromegrass rations (Table 2) in- 

TABLE 2 
Average apparent digestion coefficients, TDN, and digestible energy 


of the rations (air-dry basis) 





Digest- 








Crude Crude Ether N-free ible 
protein fiber extract extract Energy TDN energy 
ene Cy a (cal/g) 
Trial 1—Brome- 
grass 
Alfalfa 73.2 41.8 34.7 68.8 58.9 49.8 2,410 
Low-N 45.8 63.4 37.8 63.4 58.0 52.9 2,427 
Medium-N 66.6 64.3 39.4 58.2 57.9 53.2 2,469 
High-N 74.3 65.2 54.6 60.2 61.9 56.8 2,691 
Trial 2—Orchard- 
grass 
Alfalfa 72.4 40.8 9.7 68.8 6.8 49.0 2,414 
Low-N 45.0 57 37.4 53.3 51.3 47.5 2,159 
Low-N-plus 
urea 77.8 59.3 36.4 53.4 52.0 55.4 2,158 
High-N 70.7 56.8 49.3 57.6 7.9 51.6 2,511 











EFFECT OF NITROGEN FERTILIZATION ON DIGESTIBILITY OF HAYS 147 


creased with increasing nitrogen fertilization, and those of the low-N orchard- 
grass ration also increased with the addition of nitrogen as urea. The digestion 
coefficients of fiber of the high-N and low-N rations of both trials were signifi- 
cantly greater (P < 0.01) than those of the alfalfa. Barth (38) feeding brome- 
grass hays, and Poulton (16) feeding orchardgrass hays, reported similar re- 
sults. The addition of urea to the low-N orchardgrass ration significantly in- 
creased (P < 0.01) the digestion coefficients of fiber above those of the high-N 
and alfalfa rations. Gallup (9) reported that urea approximately doubled the 
amount of crude fiber digested in the low-hull ration and also increased the 
amount digested in the medium-hay ration. 

The digestion coefficients of the nitrogen-free extract of the bromegrass and 
orchardgrass rations (Table 2) were less than those of the alfalfa rations. No 
trend was observed as they decreased slightly in the bromegrass trial and in- 
creased slightly in the orchardgrass trial with increasing nitrogen fertilization. 
Barth (3) also reported no definite trend. The digestion coefficients of the 
nitrogen-free extract of the alfalfa rations were significantly greater (P < 0.01) 
than those of the high-N bromegrass and orchardgrass rations. The addition of 
urea to the low-N orchardgrass ration did not appear to affect the digestibility 
of the nitrogen-free extract portion. 

The following relationships between crude fiber and nitrogen-free extract 
were noted in both trials. The alfalfa had less crude fiber than the grasses, but 


TABLE 3 
Summary of the analyses of variance 


Source of variation (mean squares ) 


Period Animal Direct Residual 
effects effects effects effects Error 
da. f, 4 3 3 3 6 

Digestion coefficients Trial 1—Bromegrass 

(apparent) 

Crude protein 131.6 223.1 744.3" 142.5 112.5 

Crude fiber 1.9 28.1° 611.1” 19.2” 1.3 

Ether extract 157.3 ST 401.7 162.4 224.8 

N-free extract 6.8 16.6 101.9” 73 9.5 

Energy 0.3 12.3" 13.5” 4.7 1.0 
Digestible energy 790.4 25,243.9° 73,714.2° 4,974.9 2,618.7 
TUN | a) 2.1 11.8” 36.6” 3.6 0.9 
Nitrogen balance 2,523.6 3,744.5 7,193.7" 4,746.3 1,422.4 
Digestion coefficients Trial 2—Orchardgrass 

(apparent) 

Crude protein 2:3 78" 1,008.8” 2.0 2:2 

Crude fiber $6.4" 41.9° 384.4” 4.8 4 

Ether extract 42.1 145.9 1,290.8" 57.2 44.6 

N-free extract 7.8 si 243.7° 6.2 3. 

Energy 8.3 19.4" 45.5” 2.5 2.6 
Digestible energy 17,887 36,444 * 139,948 ” 3,437 6,518 

(cal/q) 
TDN (%) 4.6 4.6 62.2” 2.1 2.1 
Nitrogen balance 948.7 6,401.2" 9,076.7" 408.5 1,313.5 


“Significant at the 5% level of probability. 
" Significant at the 1% level of probability. 
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Digestion coefficients 
(apparent) 
Crude protein 
Crude fiber 
N-free extract 


A. MARKLEY, J. L. CASON, 

TABLE 4 
Multiple range test 

Significant at 1% level 
Trial 1—Bromegrass 


High, alfalfa > low 
High, medium, low > alfalfa 
Alfalfa > medium, high 


AND B. R. 





BAUMGARDT 


Significant at 5% level 


Medium > low 


Alfalfa > low 


Low > medium 


Energy High > low, medium, alfalfa 
Digestible energy High > low, medium, alfalfa 
(cal/g) 
TDN (%) High > low, medium, alfalfa 


Medium, low > alfalfa 


Nitrogen balance Alfalfa, high, medium > low 


Trial 2—Orehardgrass 
Digestion coefficients 

(apparent) 
Low + urea > low, high, alfalfa 
High, alfalfa > low 
Low, low + urea, high > alfalfa 
Low + urea > high 


Crude protein 


Crude fiber Low + urea > low 


N-free extract Alfalfa > low, low + urea, high High > low, low + urea 

Energy High, alfalfa > low, low + urea 

Ether extract High, low, low + urea > alfalfa High > low, low + urea 
Digestible energy High, alfalfa > low + urea, low 

(cal/g) 
TDN (%) Low + urea > low, high, alfalfa High > alfalfa 

High > low 

Nitrogen balance Alfalfa > low Alfalfa > low + urea 


High > low 


the crude fiber of the grasses was more digestible. The nitrogen-free extract of 
the alfalfa was also lower than that of the grasses, but was more digestible. The 
lower digestibility of the crude fiber of the alfalfa, as compared to the grass 
hays, should be the result of the lignin content in the alfalfa. 

The average digestion coefficients of ether extract of the bromegrass rations 
appeared to be greater than those of the alfalfa and to definitely increase with 
increasing nitrogen fertilization, but neither was found to be significant, possibly 
because of the overlapping of the individual data. This same situation occurred 
in the orchardgrass trial, but in this case the ether extract digestion coefticients 
of the grasses were significantly greater (P < 0.01) than those of the alfalfa. 
This was due to the very low digestion coefficient of ether extract of the alfalfa. 
An exceptionally high per cent of extractable material was found in the feces. 
These results were affected by the many fallacies of the ether extraction method 
and, therefore, can not be used to draw any definite conclusions concerning the 
effects of nitrogen fertilization. 

The TDN of the grass hay rations in both trials increased with the addition 
of nitrogen as a fertilizer and/or nitrogen as a feed component in the form of 
urea. The high-N bromegrass and orchardgrass of both trials had a significantly 
(P < 0.01) the low-N 
Barth (3) 


ereater amount of digestible nutrients than rations. 


and Poulton (16) did not report a definite increase within the grass 
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hays, but did find the TDN of the high-N grass hay to be greater than that of 
the alfalfa. This is in agreement with the work being reported. The addition of 
nitrogen in the form of urea to the low-N orchardgrass ration significantly in- 
creased (P < 0.01) the TDN of that ration above the TDN of the low-N, high-N, 
and alfalfa rations. 

The energy content has been described by Crampton (5) as the limiting 
factor in the nutritive value of forages. Nitrogen fertilization increased both 
the digestion coefficients of energy and the gross energy of the bromegrass and 
orchardgrass hay rations, which resulted in a greater amount of digestible 
energy. Barth (3) and Swift (22) also reported an increase in the digestion 
coefficients of energy and the gross energy as a result of nitrogen fertilization. 

The multiple range test (Table 4) indicated that the digestion coefficients 
of energy and the digestible energy of the high-N bromegrass and orehardgrass 
hay rations were significantly greater (P < 0.01) than those of the low-N 
bromegrass and orchardgrass hay rations. The digestion coefficients of energy 
and the digestible energy of the high-N bromegrass were also significantly 
greater (P < 0.01) than those of the alfalfa, but this was not the case with the 
high-N orchardgrass ration. This difference could be partly attributed to the 
fact that the high-N bromegrass was fertilized with 225 lb. of nitrogen, as com- 
pared to 200 lb. for the high-N orehardgrass. 

As a result of the theoretical significance of TDN and digestible energy 
being the same, as pointed out by Swift (21), and the accuracy and ease of 
determining digestible energy, many workers (3, 4,5, 13) in the past and present 
have proposed a value or factor to determine digestible energy or metabolizable 
energy from TDN. Our results reported here lend further support to the 
positive relationship between TDN and digestible energy, and to the fact that 
digestible energy can be expressed in terms of TDN by the use of a regression 
equation. The results in relation to the factors, correlation coefficients (1), 
and regression equations are reported in Table 5. 

Seven of the eight heifers gained weight during the trials, and one maintained 
its weight. The weights would possibly indicate that the animals were in nitrogen 
equilibrium or in a positive nitrogen balance, when considered over the five 
periods. The nitrogen balance totals of the first and second trials show that 
seven of the eight heifers were in positive balance when they were summed 
over all five periods. In the majority of cases the negative balances could be 
attributed to the low-N bromegrass or low-N orchardgrass rations. The analysis 
of variance (Table 3) showed the direct effects of treatment to be significant 
(P < 0.05). The multiple range test (Table 4) indicated that the nitrogen 
balance of the animals receiving the low-N hay rations was significantly less 
(P < 0.01) positive than those of the alfalfa, high-N, and medium-N hays 
(Trial 1). The nitrogen balance of the animals receiving the low-N orchard- 
grass ration (Trial 2) was significantly less positive than the alfalfa and high-N 
rations at the 5 and 1% levels of probability, respectively. Barth (3) con- 
ducted a digestion trial with sheep fed bromegrass hays from the same experi- 
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mental plots. The lowest amount of nitrogen retained was also due to the low-N 


ration, but it did not cause a negative balance as just reported. 
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INFLUENCE OF HIGH LEVELS OF PLANT AND ANIMAL FATS IN 
CALF STARTERS ON GROWTH, FEED CONSUMPTION, 
AND PALATABILITY 


W. J. MILLER, J. L. CARMON, ano H. L. DALTON 


Dairy Department, University of Georgia, Athens’ 


SUMMARY 

In a growth experiment with seven calves per starter, the addition of 10% brown 
grease, 10% hydrogenated cottonseed oil, or 5% of each to calf starters markedly re- 
duced consumption and weight gain. The addition of 10° of each of the fats further 
reduced weight gains and starter consumption. The simple and partial correlations 
between starter consumption and weight gains were 0.84 and 0.85, which indicates that 
a major portion of the reduction in growth was associated with reduced starter intake. 
In a cafeteria study, each of nine calves significantly preferred the control starter. 
However, one calf demonstrated a similar decisive preference for the starter with 10% 
added brown grease. In another cafeteria study with 11 calves, 1% brown grease did 
not significantly affect palatability of a calf starter. 


The addition of certain fats to feeds has increased the energy intake and 
growth rates of poultry. When calculated on a dry matter basis it has been 
shown that calves can utilize high levels of certain fats in milk and milk 
replacers. For example, Hopper et al. (6) used skimmilk containing 4% 
butyrated lard on a liquid basis—equivalent to about 30% on a dry basis—and 
obtained a very high growth rate. Numerous studies have been conducted in 
which many types of fats and oils have been fed in milk replacers. Animal fats 
such as tallow and lard have proven satisfactory | Wiese et al. (12), Gullickson 
et al. (5), and Hopper et al. (6) |. However, Wiese et al. (12) demonstrated that, 
whereas calves grew well on a certain milk replacer when fed in liquid form, 
they would not eat the same material dry. Other studies have showin that 
hydrogenation improved the results obtained with certain oils when utilized 
in milk replacers [Jarvis et al. (8) and Jacobson et al. (7) |. 

Experiments at Connecticut 





Johnson et al. (9)| indicated that calves fed 
dry starters containing inedible tallow consumed greater amounts of estimated 
net energy, resulting in a 5-6% increase in growth. Levels of tallow up to 10% 
were studied, but neither the optimum nor the maximum safe level was deter- 
mined. None of their differences was statistically significant. 

The main purpose of this study was to determine the effect of high levels of 
certain animal and vegetable fats in calf starters on growth, feed consumption, 
and palatability of the starters. Brown grease was used, as it is a low-cost 
source of animal fat, frequently used by the feed industry. Hydrogenated 
cottonseed oil was used because this type of fat has given better results in milk 
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Jarvis et al. (8) and Jacobson 





replacers than more unsaturated vegetable oils 
et al. (7) ]. 

A low level of fats, such as broken grease, has been used in calf starters by 
some feed manufacturers to improve physical properties ete. of the feed. In 
view of this, and the effect which a high level of brown grease had on palata- 
bility and growth in the main experiments, the objective of a later experiment 
was to determine the effect of 1% brown grease on the palatability of calf 
starters. 

EXPERIMENTAL PROCEDURE 

An open-formula commercial calf starter containing 4% fat, 18% erude 
protein, and 8% crude fiber was used as a control starter. A typical formula- 
tion contained the following percentage composition: wheat bran 15.0, coarse 
cracked corn 7.9, corn meal 12.25, crimped oats 15.0, corn distillers dried grains 
with solubles 7.5, alfalfa meal 5.0, soybean oil meal 11.25, linseed oil meal 10.0, 
dried whole whey 5.0, cane molasses 7.5, brown grease 1.0 (preserved with 
‘butylated hydroxyanisole, propyl gallate, citric acid, and propylene glycol), 
antibiotic feed supplement 0.65, vitamin A feeding oil 0.45, ground limestone 
0.5, low fluorine rock phosphate 0.5, iodized salt 0.5, anise oil 0.0225, and 
activated plant sterol 0.0112. Four experimental starters were obtained by 
adding the following amounts and kinds of fats: (1) 10% brown grease, (2) 
10% hydrogenated cottonseed oil, (3) 5% of each of the fats, and (4) 10% of 
each of the fats. All starters were equalized in protein content with degossy- 
polized cottonseed meal. They were also approximately equalized in mineral, 
antibiotic, and vitamins A and [PD content. The following amounts of materials 
were added to each 100 Ib. of the final ration of those which contained 10% 
supplemental fat, and twice these quantities to the ration with 20% added fat: 
(1) 7 Ib. degossypolized cottonseed meal (44% protein), (2) 60 g. Aurofae-2A 
(8 mg. aureomycin/g), (3) 40 ¢. trace mineralized salt, (4) 40 g. ground lime- 
stone, (5) 40 g. defluorinated rock phosphate, (6) 18 g. vitamin A supplement 
(Dawe’s Fixtay-20,000 USP units/g, mineral stable), and (7) 36 g. vitamin D 
supplement (Dawe’s Sterol Ds, 1,500 I.U/g in soybean oil meal). On the 
recommendation of personnel of the School of Veterinary Medicine, during 
most of the experiment each calf was given 100,000 I.U. of vitamin A weekly 
by capsule. 

The brown grease had the following characteristics: titer, 41.1° C.; free 
fatty acids, 14.9% ; iodine number, 53.8, and melting point (capillary tube 
method), 32.7° C. Corresponding values for the hydrogenated cottonseed oil were 
36.4° C.; 0.05% ; 63.4, and 41.5° C. 

All calves stayed with their dams for the first day, then were taught to 
drink colostrum and milk from a pail. From the sixth through the 49th day 
they were fed a commercial milk replacer of which 1 Ib. of dry material was 


mixed with 9 lb. of water. Holstein calves consumed a total of 278 lb., and 
Jerseys 254 lb., of the mixed replacer, described in a previous paper (10). 
Water was offered twice daily following the milk. The starters were fed 
ad libitum once daily and the refusals removed the following day. Chopped 
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alfalfa hay containing appreciable amounts of fine material was fed ad libitum. 

In a growth study, three replications of Jersey males, two of Holstein 
females, and one each of Jersey females and Holstein males were fed the five 
starters from six days of age for 10 wk. 

In a separate experiment, ten calves were given all five starters ad libitum, 
in a cafeteria-style experiment for the same period of time. These calves were 
treated in the same manner as the other calves, with the exception of the starters 
which they were fed. Each calf was given more of each of the five starters daily 
than it would eat. At the end of the 24-hr. period, the refusals were removed, 
weighed, and the positions of the feed boxes rerandomized. 

In a third and later experiment, the effect of 1% brown grease on the 
palatability of calf starters was tested with 11 calves. The basal ration con- 
tained 64 Ib. of citrus pulp, 32 lb. of soybean oil meal, and the same supple- 
ments as used in the other experiments. In the experimental ration 1 Ib. of 
brown grease replaced a like amount of citrus pulp. Other aspects of raising 
the calves were the same as in the other experiments. 

The melting point (capillary tube method) was performed by the A.O.A.C. 
(2) methods. The other fat constants were determined by a commercial 
laboratory, using methods of the American Oil Chemists Society. The other 
chemical analyses were by A.O.A.C. (2) methods. 

Statistical analyses of the results were made by the methods of Anderson 
and Bancroft (1) and Dixon and Massey (4). In the 1% brown grease 
cafeteria, starter consumption per calf per week was converted to logs;) before 
analysis of variance. This transformation of the data prevented the large 
values obtained in last weeks of the experiments from masking the early effects. 


RESULTS AND DISCUSSION 

Adding 10% brown grease, 10% hydrogenated cottonseed oil, or 5% of 
each to calf starters significantly reduced weight gains and starter consump- 
tion (Table 1). The decrease in weight gains averaged 28%, whereas starter 
consumption was 38% lower. When the level of added fat was increased to 
20%, weight gains and starter consumption were appreciably lower than when 
one-half that amount was added. 

There were no significant differences in hay consumption among calves fed 
the various starters. Total hay eaten for the 10-wk. period averaged only 13 Ib. 


TABLE 1 
Effect of level and type of fat on weight gains, starter, and hay consumption 
(Ib/day for 10 wk.) 











Weight Starter Alfalfa hay 
Ration gains consumption consumption 
Control 1.23 2.74 0.12 
10% animal fat 0.83 1.56 0.27 
10% vegetable fat 0.95 1.66 0.16 
5% animal fat and 5% vegetable fat 0.88 1.84 0.19 
10% animal fat and 10% vegetable fat 0.63 1.28 0.17 
L.S.D. (P = 0.05) 0.28 0.49 0.22 


C.V. % 28 24 107 
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per calf. The amount consumed was influenced somewhat by the ad libitum 
feeding of starter, which frequently is limited in calf-raising. All calves fed 
the control starter reached the 4 lb. per calf per day level by the 1Cth wk., with 
the average being 8 wk. However, only six calves out of the 28 fed the starters 
with added fat were eating as much as 4 lb. per day at the end of the 10-wk. 
experiment. Variability in hay consumption was very high, as has been found 
previously and reviewed briefly by Whitaker et al. (11). 

Zero-order correlation and regression coefficients are presented (Table 2). 
The only relationship which was significant was the regression of total gain 
on starter consumption (b = 0.48). The corresponding correlation was 0.84. 
This effect of starter consumption on gain is in good agreement with values 
reported by Whitaker ef al. (11). A highly significant negative correlation 


TABLE 2 


Zero-order correlation and regression coefficients, 10-wk. totals * 


Starter Hay Weight 

consumption consumption gain 

Initial weight —0.51 —(0.63 —(0.84 
—(0.11) —(0.30) —(0.31) 

Starter consumption —0.07 0.48” 
—(0.16) (0.84)” 

Ifay consumption —).08 
—( 0.06) 


‘Correlation coefficients are within the parentheses. 
” Highly significant. 


between hay consumption and starter consumption, which was obtained by 
Whitaker, was not observed in this study. However, this may have been 
influenced by the limiting of starter to 4 lb. per calf per day in Whitaker’s 
experiment. 

Highly significant partial correlation and regression coefficients were 
observed between starter consumption and gain (?ry213 = 0.85) (bye13;° = 
0.47-lb).* These values are in excellent agreement with those found by Whitaker 
et al. (11). The high simple and partial correlations and regressions between 
starter consumption and gain, together with the wide differences in gain and 
starter consumption among treatments, indicate that the reduced gain of calves 
fed the high fat levels can be attributed to the decreased starter intake. 

Nonsignificant partial correlation and regression coefficients were observed 
between hay consumption and gain (1, 1,.2; = 0.01) (by 1.23 = 0.01) and between 
initial weight and gain (1, 3.12 = —0.39) ( b,312 = —0.60). 

Three of the seven calves fed the starter with 20% added fat bloated 
chronically from the 6th wk. to the end of the experiment. The degree of 
bloating seemed to fluetuate with increases in intensity following consumption 
of the starter. A slight amount of bloating was observed in one calf each in 


* y = total weight gain (Ib.); 1 = total hay consumption (lb.); 2 = total starter consump- 


tion (1b.) ; 3 = initial weight (lb.). 
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the groups fed the starters with 10% added brown grease and 5% of each of 
the fats. The calf which exhibited the most extreme bloating was continued 
on the highest fat ration for several weeks after the end of the experimental 
period. He continued to bloat until he was accidentally given long hay one 
weekend. When he was returned to the original diet regime, he failed to bloat 
again. 

The average number of days calves had diarrhea was 6.4 for those fed 20% 
added fat, and varied from 4.4 to 5.0 for the other treatments. These differences 
were not statistically significant. Since most of the scours occurred before the 
calves began eating appreciable amounts of the starters, it is unlikely that the 
starters influenced the incidence of diarrhea. 

The results of the cafeteria study which involved the same five starters as 
the main experiment are presented (Table 3). When considered individually, 


TABLE 3 
Effeet of level and type of fat on palatability of calf starters as measured by a cafeteria 
(1b/ealf/10 wk.) 


Ration 
10% 10% 5% of 10% of 

Calf No. Control brown grease vegetable fat each each 
1 186 22 18 5 1 
2 165 1 1 1 3 
3 149 1 8 5 1 
4 161 3 6 5 3 
5 140 3 7 4 6 
6 124 15 17 a 6 
i 103 6 40 14 20 
8 203 9 1 a 4 
9 160 7 6 5 6 
10 ] 74 ] + 2 








nine of the ten calves consumed significantly more of the control than of any other 
starter. The other calf consumed highly significantly more of the starter with 
10% added brown grease. This variation illustrates the variability in prefer- 
ence of individual animals. The decisive dislike of most of the calves for the 
starters containing high levels of added brown grease and hydrogenated 
cottonseed oil may explain the low consumption of these starters by calves in 
the growth experiment. 

The 18% protein in the basic starter was considered to be in excess of that 
needed, even with the highest level of supplemental fat. Brown et al. (3) found 
that 12.2% crude protein in starters resulted in as rapid gains as higher levels. 
Calculations indicate that the nutritive ratio was narrower in all instances, in 
the experiments reported here, than that which was found to be adequate in 
the other study (3). The average pounds of digestible protein and TDN required 
per pound of gain for the calves fed the starters designated as (a) control, 
(b) 10% added animal fat, (c) 10% added vegetable fat, (d) 5% of each added, 
and (e) 10% of each added were as follows (pounds of digestible protein and 
TDN, respectively): (a) 0.42, 1.91; (b) 0.48, 2.15; (ce) 0.38, 1.91; (d) 0.44, 
2.26, and (e) 0.47 and 2.61. 
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Adding 1% brown grease had no significant effect on palatability of the 
calf starter. The logarimithic average starter consumptions per calf per week 
was 9.22 lb. for the control starter and 9.09 lb. for the starter with 1% brown 
grease. This demonstrates that this amount of brown grease is too small to exert 
the depressing effect on palatability which was observed at the higher levels. 
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Cincinnati, Ohio, for a portion of the brown grease. 


The authors are indebted to J. I. Casey, W. J. Free, and J. L. Weaver for 


technical assistance. 
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UTILIZATION OF INTRAVENOUSLY ADMINISTERED 
CAROTENE BY DAIRY CALVES ! 


J. D. SCHUH, M. RONNING, ann W. D. GALLUP 
Departments of Dairying and Biochemistry, Oklahoma State University, Stillwater 


SUMMARY 


Due to the inconsistent results of experiments with cattle on the utilization of in- 
travenously injected carotene, 12 male dairy calves were fed a low-carotene diet until 
their plasma vitamin A level was less than 5 y per 100 ml., or until outward changes of 
avitaminosis A were established. Nine of these calves were given intravenously carotene 
suspended in an aqueous solution of Tween 40 at rates from 1 to 24 mg. per 100 Ib. of 
live weight for periods up to 68 days. Utilization of the injeeted carotene was indicated 
by reversal or lowered incidence of vitamin A deficiency changes, such as nyctalopia, 
diarrhea, and museular ineoordination. Several calves receiving the carotene injections 
were maintained on the basal ration for periods from 180 to 336 days. In contrast, 
uninjected calves died within about 100 days. Following injections, there was a marked 
inerease in plasma carotene with moderate but irregular increases in plasma vitamin A. 
Bile of injeeted calves exhibited an orange color, whereas uninjected calves’ bile had a 
characteristic green color. Bile from the former calves did not prevent avitaminosis A 
when fed to rats. 


Reports of utilization by several species of animals of intravenously injected 
carotene (1,2,6,7,8) indicate that there may be sites of conversion of carotene 
to vitamin A other than the intestinal wall. Experiments with cattle given 
carotene solutions intravenously have yielded inconsistent results, and indicate 
that this species may not possess extraintestinal sites of conversion and may not 
be able to utilize the carotene normally cireulating in their blood or stored in 
other tissues. 

In previous work at the Oklahoma station, Chureh et al. (2) and Kirsehman 
(6) were able to demonstrate conversion of carotene to vitamin A in sheep given 
intravenous injections of carotene solubilized in an aqueous solution of Tween 
40; however, they were unable to demonstrate a similar conversion in Hereford, 
Guernsey, or Holstein calves. Kon, MeGillivary, and Thompson (7), by similar 
methods, were unable to show any appreciable conversion of injected carotene 
to vitamin A in depleted Ayrshire and Shorthorn calves. In contrast, Eaton et al. 
(3) and Warner and Maynard (10), working with depleted calves and aqueous 
suspensions of carotene, reported such conversion. 

In the studies reported by Church et al. (2) and Kirschman (6), relatively 
small amounts of carotene were injected and observation periods were of short 
duration. In the present experiment with dairy calves, varying amounts of 
carotene were administered intravenously over extended periods and observa- 
tions were made of any change produced in the vitamin A content of the blood 
and any improvement in the condition of calves showing vitamin A deficiency 


changes. 
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EXPERIMENTAL PROCEDURE 


Twelve purebred male calves representing the Holstein, Ayrshire, Guernsey, 
and Jersey breeds were depleted in carotene and vitamin A by being placed on 
a low-carotene diet. The roughage portion of the diet consisted of a mixture of 
20 lb. of cottonseed hulls, 40 lb. of wood cellulose,* and 60 lb. of cane molasses. 
The concentrate was a combination of equal parts of 41% cottonseed meal and 
white hominy feed, plus 1% each of steamed bonemeal, finely ground limestone, 
and trace mineral salt. Vitamin D was given orally in liquid form. Roughage 
and grain were fed according to appetite; however, grain was limited to 4 Ib. 
daily except for adjustments necessary to supply Morrison’s (9) maximum DP 
and TDN standards. Three calves served as negative controls. The other nine 
calves, previous to treatment, were depeleted until the vitamin A content of their 
blood plasma was 5 y % or less for a period of 12 or more consecutive days, or 
until outward changes of avitaminosis A were established. Intravenous injee- 
tions of carotene dispersed in Tween 40 were then started and the injections 
continued for periods of different lengths up to 68 days. 

The carotene solutions were prepared by dissolving crystalline B-carotene* 
in a minimum amount of chloroform, and adding Tween 40° warmed to 80° C. 
Water was added with constant stirring to give a solution containing between 
20 and 30% Tween and from 1 to 1.5 mg. of carotene per milliliter. The concen- 
tration of carotene was adjusted so that usually from 10 to 20 ml. of solution 
were used in each injection. In a few instances, calves were given as much as 
40 to 60 ml. 

All injections were made into the jugular vein. The rate of carotene injection 
varied from approximately 1 to 24 mg. per 100 lb. live weight. The length of 
time between injections and the total amount of injected carotene were deter- 
mined by the increase in blood carotene and the response of the animal after each 
injection. Observations were made so rigorous that there could be no reasonable 
doubt about the remission of such vitamin A deficiency changes as mild to severe 
continuous scours, muscular incoordination indicated by a staggering gait, and 
nyctalopia. The animals were tested for nyctalopia by observing their reactions 
in dim evening light to objects placed in their path. As night vision became 
impaired the calves were reluctant to move and would walk head-on into the 
random-placed objects and the light-colored walls and ceiling supports of the 
building. Papilledema was observed with an ophthalmoscope and normal calves 
were checked under the same test conditions, to aid in confirming night blindness 
for several days before the start of injections. 

Blood samples were taken at the time of injection or, in the case of alternate- 
day injections, on the day after injection. Autopsies were performed on calves 
that died during the experiment and samples of bile and liver were obtained. 


* Solka-Floe BW 20 purchased from Brown & Co., Chicago, Ill. 

‘Crystalline carotene, 90% beta—l10% alpha, supplied by Barnett Laboratories, Long 
Beach, California. 

° Polyoxyethylene sorbitan monopalmitate. This product was supplied by the Atlas Powder 


Co., Wilmington, Delaware. 
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Bile was tested both chemically and biologically for the presence of carotene. 
Liver samples were frozen until analyzed for carotene and vitamin A according 
to the method of Gallup and Hoefer (4). Blood was analyzed for carotene and 
vitamin A by the method of Kimble (5). 


RESULTS 

The amount of carotene injected and the mean levels of carotene and vitamin 
A in the blood plasma of each calf before, during, and after each period of injec- 
tion are presented (Table 1). The order of presentation follows the order in 
which the calves were placed on experiment. The condition of the calves with 
respect to vitamin A deficiency symptoms, and their response to the carotene 
injections, are described in the following ease histories : 

Experimental calves. Jersey 71 at the age of 159 days, after being on the 
deficient ration for 72 days, did not display outward changes of vitamin A 
deficiency, although plasma vitamin A was only 3.5 y %. During the next 20 days 
(Period I), while he was receiving alternate-day injections of carotene at an 
average daily rate of 12 mg. per 100 lb. live weight, plasma vitamin A increased 
temporarily to 12 y %. The injections were discontinued and 85 days later, at 
the age of 264 days, the calf was in poor physical condition, showing muscular 
incordination, night blindness, and exophthalmos. There was a stigma on the 
eyeball of the right eye, and a white cloudy condition covered a larger area of 
the left eye. Near-complete blindness was indicated as the calf walked head-on 
into walls and other objects in the daylight. During the next 38 days, while 
receiving carotene injections at the varying rate of 3, 6, and 12 mg. per 100 lb., at 
intervals of two and four days (Period II), plasma vitamin A again increased 
to 11 y %. By the end of the injection period, the physical condition of the calf 
had improved and there was no evidence of muscular incoordination. The eyes 
were clear; day vision was normal, but night blindness was still evident. Later, 
treatment of the calf with large oral doses of vitamin A produced a sharp increase 
in plasma vitamin A and restored normal night vision. The calf had subsisted 
for 220 days on the vitamin A deficient ration, supplemented at intervals by 
intravenous carotene. 

Ayrshire 118 failed to show vitamin A deficiency changes during the first 
month on the deficient ration. Injection of carotene on alternate days for the 
next 20 days at the 12-mg. rate (Period I) increased plasma vitamin A tem- 
porarily from 3.1 to 9.6 y %. At 171 days, after 47 days of no injections, the 
ealf had developed severe exophthalmos. He was injected with carotene at the 
3-mg. rate every four days for 56 days (Period II) and, as a result, plasma 
vitamin A increased 8.8 y %. The eye condition showed slight improvement. At 
315 days, just prior to the third injection period, the calf developed night 
blindness. After three daily injections of carotene at the 6-mg. rate, night vision 
was normal. Although protrusion of the eyeballs was still evident, the calf showed 
no further signs of vitamin A deficiency and was removed from the experiment 
72 days later, having subsisted for 336 days on the deficient ration and intra- 
venous injections of carotene. 
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Holstein 8, after 66 days on the deficient ration, showed no signs of vitamin A 
deficiency. although plasma vitamin A was only 2 y %. While being given caro- 
tene injections at the 6-mg. rate, and immediately after the 16th injection, the calf 
collapsed with signs of respiratory difficulty, and died within a few minutes. 
Plasma vitamin A increased to 7.9 y % during the injection period. 

Jersey 6 developed mild scours during the first 55 days on the deficient ration 
and also showed excessive watering of the eves. After nine injections of carotene 
at the 6-mg. rate, both conditions cleared up. During the 16th injection, the calf 
collapsed, but recovered within a few minutes. The injections were continued at 
the 3-mg. rate every five days, but on the day of the 18th injection the calf 
developed a condition similar to that of No. 8 and died within a few minutes 
after injection. During the 40-day injection period, plasma vitamin A increased 
from a low level of 1.4 to 7.2 y %. 

Guernsey 76, after 55 days on the deficient ration, was considered in fair 
physical condition, but developed severe scours. Carotene injections at the daily 
rate of 6 mg. per 100 lb. live weight were then given for 32 days (Period 1). The 
scouring was less severe after the fourth injection, and by the time of the ninth 
injection it had ceased and the calf was restored to good physical condition. Two 
months after the last injection, the calf became completely night-blind, and 
carotene injections were started (Period Il). The first two of six injections were 
on alternate days at the 12-mg. rate and the other four on successive days at the 
6-mg. rate. After the sixth injection, night vision was restored. After about 
5 mo., vision again became impaired and at 266 days of age the calf was totally 
blind. Carotene injections at the rate of 4-24 mg. at varying intervals from two 
to five days for 15 days (Period III) failed to relieve the condition, and the calf 
was removed from experiment, having subsisted on the deficient ration plus 
injections of carotene for 310 days before becoming permanently blind. During 
each injection period, plasma vitamin A was increased. Normal vision was not 
restored later, after the calf had been placed on an adequate ration including 
alfalfa hay and had been given oral doses of vitamin A. 

Ayrshire 85 was in only fair physical condition after 53 days on the deficient 
ration when he developed severe scours. Injections of carotene at the 6-mg. rate 
were started (Period I) and, after the 10th injection, the physical condition of 
the calf had improved and the scouring had stopped. At 186 days, after 44 days 
of no injections, the calf developed night blindness, which was cured by four 
daily injections of carotene at the 12-mg. rate (Period II). At 262 days, this 
condition reappeared and was again cleared up by two daily injections of 
carotene at the 6-mg. rate (Period III). Plasma vitamin A increased during or 
immediately after each injection period. The calf was not removed from the 
experiment until 101 days after the last injection, having subsisted on the 
deficient ration plus the carotene injections for 329 days. 

Ayrshire 3 developed an extremely severe case of scours and was in poor 
physical condition after 71 days on the deficient ration. After five injections of 
carotene at the 3-mg. rate, plasma vitamin A had increased, scouring had stopped 
completely, and the physical condition of the calf had improved. The injections 
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were continued, but the calf died after receiving four more injections. An 
autopsy showed impaction of the omasum, apparently caused by the consump- 
tion of wood shavings used as bedding. 

Jersey 62, after 68 days on the deficient ration, showed night blindness, poor 
vision during the day, and muscular incoordination. Injections of carotene were 
started, but the calf developed further complications, as evidenced by respiratory 
trouble and a rise in body temperature. The calf died two days after the fifth 
injection. Autopsy showed the lungs to be damaged by pneumonia. 

Jersey 61 had developed night blindness, severe scours, and muscular in- 
coordination after 62 days on experiment. Carotene was then injected at the 6- 
and 12-mg. rate at intervals of one and two days, respectively, for six days 
(Period I). A week later the calf showed none of these deficiency changes and 
his physical condition was good. Plasma vitamin A was altered only slightly. 
At 173 days, 3 mo. after the last injection, the calf had again developed scours 
and night blindness, but otherwise was in fair physical condition. Injections of 
carotene (Period IL), at rates varying from 1 to 12 mg. at intervals of from one 
to five days over a 15-day period, completely relieved these conditions. The calf 
subsisted for 180 days on the deficiency ration and intravenous injections of 
carotene. 

Control calves. Calves which served as negative controls failed to survive. 
Ayrshire 28 developed severe scours after 53 days on the deficient ration and died 
14 days later. Autopsy showed pneumonia. Ayrshire 81, after 94 days on the 
deficient ration, developed severe scours and showed muscular incoordination 
and night blindness. Its condition became progressively worse and it died 2 wk. 
later. Autopsy showed pneumonia. Holstein 84, similarly to Ayrshire 81, 
developed night blindness, scours, and muscular incoordination, and died after 
being on the deficient ration 51 days. 


DISCUSSION 


The data indicate that at least a portion of the intravenously injected carotene 
was utilized by the calves, since plasma vitamin A levels increased and avita- 
minosis A changes of marked diarrhea, muscular incoordination, and nyctalopia 
became less intense, or entirely disappeared, after the injection of caro‘ene. 
Further evidence of the utilization of the injected carotene was afforded by the 
survival of several injected calves for 180 and 336 days on the deficient ration, 
whereas uninjected calves died after 51-107 days on the depletion diet. 

Pneumonia made it very difficult to deplete the calves and maintain them for 
short periods in a condition that would respond to vitamin A therapy. Conse- 
quently, one of the experimental calves died of pneumonia, and two of the three 
negative control calves showed symptoms of pneumonia in addition to other signs 
of vitamin A deficiency. Two experimental calves apparently died of shock while 
being given injections of carotene in Tween. Kon et al. (7) have reported a 
similar result following injection of the same type of solution into dairy calves, 
and attributed the cause of death to a toxic condition produced by the Tween. 

Failure to observe high mean levels of plasma vitamin A following carotene 
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injection might be explained by a rapid absorption of the vitamin from the blood 

stream. In possible opposition, relatively large carotene particle size, or variation 

of particle size, in the suspensions used may have resulted in slower rates of 
utilization, as has been suggested recently by MeGillivary et al. (8). Neither 
of these was studied in the experiment reported herein. 

An examination of the gall bladder of calves that died showed that the bile of 
injected calves had an orange color, whereas that of uninjected calves had a 
characteristic dark-green color. The possibility of the bile acting as a mode of 
transportation of injected carotene, from the blood to the intestine for conver- 
sion, was investigated. The color could not be extracted using normal carotene 
solvents, and vitamin A deficient rats fed the orange-colored bile died from 
apparent vitamin A deficiency. 

Liver samples taken from the injected calves that died contained an average 
of 63 y/g of vitamin A and 44 y/g of carotene; the liver of uninjected calves 
contained 43 y/g and 5 y/g, respectively. Although this difference in liver vita- 
min A levels is too small to provide evidence of carotene conversion, the results 
in general support other work and indicate that dairy calves utilize injected 
carotene. These results indicate, moreover, that if intravenously administered 
carotene is metabolized in a manner similar to that entering the blood by the 
intestinal route, calves also may utilize the carotene in their blood and other 
tissues. 
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INFLUENCE OF ADRENALINE ADMINISTRATION ON SOME 
BLOOD CONSTITUENTS IN HOLSTEIN CALVES ! 


A. B. SCHULTZE 
Department of Dairy Husbandry, University of Nebraska, Lincoln 


SUMMARY 

The effect of adrenaline upon leucocyte, erythrocyte, and eosinophil count, and upon 
glucose, hemoglobin, and hematocrit leveis in dairy calves was studied; also, the difference 
in response to adrenaline treatment of these blood characters between individual calves 
was analyzed. 

No significant changes were apparent from this treatment in leucocyte, hemoglobin, 
eosinophil, or erythrocyte values. However, certain trends were apparent. 

Glucose and hematocrit values were significantly increased by the treatment. 

Only hematocrit change following treatment with adrenaline appeared to offer 
promise as an indicator of individual calf response to stress. 

Stress induces changes in many blood constituents of animals (3). It is 
possible that the degree of change induced may be different between individuals, 
even though the imposed stress is similar for all individuals. If individuality 
of response occurs, this response may be an index of the animal’s adaptability 
to adverse conditions. If such individuality of response is associated with 
physiological function, then the indices may serve as a criterion for the selection 
of animals for breeding purposes. Also, they may be of use in studies designed 
to determine the influence of management practices or nutritional factors on an 
animal’s ability to withstand adverse conditions. Logically, ability to adapt to 
stress with a minimum expenditure of energy should enable agricultural animals 
to divert a maximum amount of energy toward agricultural production. 

The administration of adrenaline supposedly acts similarly to many other 
nonspecific stresses (1). Thus, quantitative administration of adrenaline may 
be a method of applying a specific stress to different animals. The purpose of 
this study was to determine the effect of a specific stress (in the form of quan- 
titative administration of adrenaline) on changes in the levels of certain blood 
characters of dairy calves and to determine whether the pattern of change is a 
characteristic of the individual and is different between individuals. 


METHODS 


Holstein calves in the University herd were used in this study. They varied 
in age from 2 to 4 mo. at the beginning of the study. Blood characters studied 
were leucocyte, eosinophil, and erythrocyte counts; glucose, hemoglobin, and 
hematocrit values. Methods used in the determination of these blood characters 
are described by Schultze (2). The influence of adrenaline administration was 
determined by the following procedure: 1.2 ml. of 1: 1000 solution of adrenaline 
per 100 lb. body weight was administered subcutaneously. A blood sample was 


obtained just prior to adrenaline administration and others at 1, 3, and 6 hr. 
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following. Two such trials were conducted with each of six calves within a 2-wk. 
interval. Also, two trials on each of the same six calves were conducted, the 
calves not receiving any treatment and blood sampling carried out at the same 
time of the day as in the adrenaline test trials. Thus, changes with adrenaline 
treatment could be compared to diurnal changes. Blood sampling was carried 
out at approximately the following times: Zero-time at 8:30 a.m.; 1-hr. time at 
9:30 a.m.; 3-hr. time at 11:30 a.m., and 6-hr. time at 2:30 P.M. 

Differences in adrenaline effects on individual calves also were studied. Three 
separate trials on each of nine calves were conducted for this study. Since 
maximum changes occurred or had been passed by the 3-hr. period for the blood 
characters that appeared to be meaningful for this study, data were obtained 
for the 0-hr., 1-hr., and the 3-hr. periods. Leucocyte and eosinophil counts were 
exceptions, in that maximum change occurred at the 6-hr. period, but effects of 
adrenaline on these were not significant with the dosage of adrenaline used. 

Statistical analysis was made to determine whether changes after adrenaline 
treatment in the blood characters were significantly different from the diurnal 
changes in untreated calves. Treatment-time interaction was compared to the 
error term for this test. Also, the difference between individuals in their blood 
character response to adrenaline treatment was analyzed. Time-calf interaction 
in trials with adrenaline treatment was compared to the error term for this test 
of significance. 

RESULTS 

The mean effect of adrenaline administration on the levels of the blood 
constituents studied, when compared to diurnal changes in the same calves 
without treatment, is shown in Table 1. Glucose and hematocrit values were 
significantly influenced by adrenaline treatment (time-treatment interaction was 
significant). Total leucocyte, hemoglobin, and eosinophil level was influenced 
to some extent, but not significantly. The time-treatment interaction approached 
the 5% level of significance. Erythrocyte count did not appear to be influenced 
with treatment. 

TABLE 1 
Effect of adrenaline administration on the blood in Holstein calves * 


Time of blood sampling 8:30A.M. 9:30A.M. 11:30A.M. 2:30P.M. Time-treatment 
Time after treatment (hr.) 0 1 3 6 interaction 





Blood constituent: 


Leucocytes Treated 9,267 8,858 9,392 11,070 Not significant 

(No/mm ) Control 8,825 8,041 7,875 9,200 

Erythrocyte Treated 9,758 9,525 9,583 9,790 Not significant 

(1,000*° /mm’* ) Control 9,225 9,366 9,350 9,300 

Glucose Treated 65.7 85.3 88.4 66.7 Significant at 1% level 
(mg/100 ml. Control 65.5 64.9 63.2 62.0 

whole blood) 

Hemoglobin Treated 10.8 11.6 11.4 10.9 Not significant 
(gm/100 ml.) Control 11.6 10.8 11.2 11.4 

Hematocrit Treated 42.3 42.9 43.0 42.5 Significant at 5% level 
(cell vol. We) Control 42.6 41.4 42.7 43.1 

Eosinophil Treated 53 49 49 39 Not significant 
(No/mm’*) Control 66 70 60 79 





“Comparison of data from two trials for each of six treated calves and two trials for 
each of the same six calves not treated. 
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Leucocyte count was quite variable, but a rather consistent tendency for it 
to decrease after zero-time at the 1- and 3-hr. period was evident in both treated 
and control animals. A definite rise in this constituent usually occurred at the 
6th-hr. sampling period in both groups. The tendency to decrease at the 1- and 
3-hr. period was less pronounced and the tendency to rise at the 6th-hr. period more 
pronounced in the treated calves than in the control calves. Thus, the net effect 
of adrenaline appeared to be an increase in leucocyte count. Apparently, the 
method of handling the calves resulted in an immediate decreased count followed 
by an increase at the 6th hr. However, variability was such that statistical 
significance between treatment and control did not exist in these data. Neither 
was the calf-time interaction significant, indicating that no significant difference 
in response to adrenaline treatment existed between individuals. However, the 
calf-time interaction approached significance at the 5% level; the F value = 1.63. 
The F value for 5% level of significance for the degrees of freedom involved is 
1.93. Adjustment for zero-time value did not increase the significance. 

. No definite trend to increase or decrease erythrocyte count by adrenaline 
administration was apparent in these data. Neither was there a difference of 
this blood character between individuals. This lack of influence on red cell count 
was somewhat surprising, in view of the usual relationships between erythro- 
cyte count and, hematocrit level. However, not all change in hematocrit is due 
to change in erythrocyte count, and other factors affecting hematocrit may be 
involved. The reported effect of adrenaline is to inerease red cell count, but 
since it also affects blood volume, it may be that under the conditions of this 
experiment blood volume increased in proportion to increased red cell release 
from the spleen, resulting in no, or little, change in the apparent red celi count. 

Blood glucose was increased more dramatically by adrenaline treatment than 
by any of the other constituents studied. The time-treatment interaction was 
highly significant, indicating that treatment caused a great increase in blood 
glucose levels when compared to diurnal changes in control calves. However, 
the responses by individuals to the treatment were not significantly different 
from one another, the calf-time interaction being less than the error term in the 
data from these calves. There appeared to be a tendency for each individual to 
attain a characteristic maximum glucose level, regardless of the zero-time value, 
but this tendency was not consistent enough to be significant statistically. 

Hemoglobin values tended to increase following adrenaline administration 
up to the 3-hr. period, but these changes were not significantly different from 
the diurnal changes of the control animals. Neither did individual calves respond 
differently from one another in hemoglobin changes after treatment. 

Hematocrit values were increased significantly by adrenaline administration 
when compared to diurnal changes in untreated calves. The mean inerease was 
not large, but variability of this character was low. Also, untreated calves tended 
to have a lower hematocrit value at the 1-hr. period when compared to the zero- 
time value. There appears to be a strong tendency for individual calves to 
respond in a different manner to the adrenaline treatment. The calf-time inter- 


action was found to be significant. Hematocrit values seemed to be the only 
blood character that showed such significance in this experiment. 
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Following is the pertinent portion of the analysis of variance for the hema- 
toerit data observed for calves given adrenaline treatment (three trials for 
each of nine calves). 


Degrees of Sum of Mean 

Source of variance freedom squares square 
FE i eiccccsnicontnscincgnitaniutnteniipniicialasinstenimnnstis 16 5,023 345.2** 

(Error) Time X trials on same calf 36 4,623 128.6 


Thus, the pattern of the hematocrit value change following adrenaline treat- 
ment may be a method of classifying individuals physiologically according to 
their adaptability to a specified stress. Whether the pattern of hematocrit 
change upon stress imposition is repeatable enough for accurate classification 
of the individual according to its adaptation response seems to deserve further 
study. It is possible that a larger dosage of adrenaline might accentuate the 
individual’s pattern of hematocrit change. Also, performance of trials under 
a more nearly uniform environment might partially eliminate some of the 
variation. 

A tendency for eosinophil count to decrease at the 6-hr. period following 
adrenaline treatment appeared to occur. The diurnal trend in the untreated 
calves appeared to be one of an increase in the afternoon, or at the 6-hr. period. 
Because of the great variability in the counts, the two trends were not signifi- 
cantly different. There was no significant difference in the pattern of response 
to adrenaline treatment between calves. The eosinophil counts in this group of 
young calves were very low, thus, the extent of drop in count induced by any 
stress was limited. It was apparent that the extent of temperature change from 
morning to afternoon influenced the extent of change in eosinophil count at the 
6-hr. period in untreated calves. A large increase in temperature from morning 
to afternoon usually resulted in a definite increase in eosinophil count over that 
at zero-time in the morning. Such environmental factors also probably influ- 
enced the counts in treated calves. 

The nonsignificant change, or low extent of change, in many of the blood 
characters induced by adrenaline injection in this study may have been due 
to the low level of adrenaline administered ; however, in general, treated calves 
in most cases showed signs of extreme nervousness. Higher dosage may have 
induced greater changes, to the extent that they would have been meaningful 
statistically. Many of the blood characters studied are undoubtedly influenced 
by a variety of factors including environmental temperature and, had the tests 
been carried out under controlled conditions, unaccountable variations might 
have been decreased considerably. 
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EFFECT OF THREE LEVELS OF GRAIN FEEDING DURING THE DRY 
PERIOD ON THE INCIDENCE OF KETOSIS, SEVERITY OF 
UDDER EDEMA, AND SUBSEQUENT MILK 
PRODUCTION OF DAIRY COWS! 
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SUMMARY 

Sixty-three cows of four breeds were fed different levels of grain during the dry 
period for 2 vr. Qne member of each trio received no grain during the 8-wk. dry perio«, 
a second member received 6 lb. daily, and the third member received 15 lb. daily. Silage 
was fed according to body weight and hay was fed ad libitum. After calving, all cows 
were fed grain according to production. No statistical differences in milk, butterfat, or 
1% fat-corrected milk production were obtained in the three groups of cows. Correlation 
coefficients between body condition ratings at calving and 4% fat-corrected milk and 
butterfat percentage were all very small and nonsignificant. No statistically significant 
differences in the severity of udder edema in the three groups were noted at calving 
or at seven days after calving. Udder edema was significantly correlated with milk 
production but not with body condition at the time of parturition. Two cases of ketosis 
oceurred in the medium- and high-fed groups and one case occurred on the low level. 
Blood sugar and ketone levels were about the same on the three levels of grain. No 
differences in birth weights of the normal Holstein calves were obtained. 


Different levels of dry-period feeding have been implicated as factors 
affecting the incidence of ketosis, the severity of udder edema, and the milk 
production of dairy cows. Because of the controversial reports on the effect of 
dry-period feeding on these factors, it appeared desirable to obtain more infor- 
mation on these points. 

Shaw and Leffel (18) found normal blood sugar and ketone values 1 wk. 
after calving in cows fed heavily for 4 mo. before calving. Hathaway et al. (12) 
also found that heavy grain freeding before calving had no significant effect 
on the incidence of ketosis. Shaw and Cairns (17) fed a high fat—low protein 
ration during the dry period, followed by a limited feed intake postpartum, 
and found that this feeding regime did not produce ketosis. Vigue (21) and 
Hopkins (13) stress the importance of feeding relatively high levels of protein 
during the dry period. 

The predominance of evidence on the effect of level of grain feeding during 
the dry period on udder edema suggests little or no relationship. Woodward, 
Shepherd, and Graves (24) reported two cases of excessive udder congestion 
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following heavy grain feeding. However, Greenhalgh and Gardner (11) and 
Fountaine, Parrish, and Atkeson (10) found no differences in udder edema 
when grain was added to the dry-period ration. Hathaway et al. (12) also 
found no difference in the amount of udder congestion in cows fed up to 14 Jb. 
or 4 lb. of grain daily 2 wk. prepartum. Shaw and Leffel (18) report no 
differences in the amount of udder edema in fat and thin cows at the time of 
calving. Wise et al. (22) compared a high corn—low protein dry period ration 
to a high protein one and found no differences in the amount of udder con- 
gestion. First-calf heifers had more edema than older cows. This was also 
reported by Greenhalgh and Gardner (11). 

Variable results have been reported on the effect of dry-period feeding on 
the level of milk and fat production. Increased milk and fat production from 
liberal grain feeding during the dry period have been reported (3, 5, 8, 14, 15, 
16, 19, 24). However, Greenhalgh and Gardner (11) found that cows and first- 
calf lieifers fed 378 and 273 lb. of grain, respectively, in addition to roughage 
for 6 wk. prepartum, produced no more milk than cows and heifers fed only 
roughage. Woodward, Shepherd, and Graves (23) also found that heavy grain 
feeding during the dry period did not increase production in comparison to 
cows fed lightly during the dry period. Hathaway ef al. (12) also obtained 
similar results. It is difficult to evaluate experiments in which there is no 
information on the quantity and quality of roughage fed or the body condition 
of the cows. 

Eeckles (7) is the only worker who presents good evidence that cows in fat 
condition at the time of calving produce milk containing a higher butterfat 
percentage than do moderately fleshed and thin cows. Most of the reported 
differences were dissipated after 2-3 mo. postpartum. 

The object of this experiment was to determine the effect of different levels 
of grain during the dry period on the incidence of ketesis, severity of udder 
edema, and subsequent milk production and butterfat tests of dairy cows. 


EXPERIMENTAL PROCEDURE 

Sixty-three cows from the Cornell University dairy herd were used during 
a 2-yr. period. The cows were assigned to trios according to breed and previous 
production. Ten trios, consisting of seven Holstein, one Jersey, one Guernsey, 
and one Brown Swiss trio, were started on the experiment in the fall of 1955. 
The following fall, 11 trios, consisting of eight Holstein, one Jersey, one 
Guernsey, and one Brown Swiss trio, were used. 

Individual cows were started on the experiment 8 wk. before their expected 
calving dates. All cows received 2 lb. of corn silage per 100 lb. body weight 
daily during the dry period and good quality mixed hay was fed ad libitum. 
The cows were kept at three barns, but all members of a trio were housed in 
the same barn. One member of each trio, selected at random, received no grain; 
a second member received 6 lb. of grain daily; and a third member received 
15 lb. of grain daily during the dry period. The groups are designated as the 
low, medium, and high groups, respectively. The grain mix was the Cornell 
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herd mix containing approximately 16% crude protein. The composition of 
this in pounds is as follows: ground oats, 460; ground corn or hominy, 400; 
wheat bran, 300; corn gluten feed, 500; soybean oil meal, 200; cane molasses, 
100; iodized salt, 20; and steamed bone meal, 20. Cows turning dry before 56 
days prepartum received only hay and silage until they started on the 
experiment. 

All the cows received 6 lb. of grain on the day of calving. After calving, 
all cows were treated the same. Ten pounds of grain were fed to all cows on the 
day after calving and the amount of grain was increased 1 lb. daily until the 
cows received the amount warranted by their production. The amount of grain 
fed was changed weekly and was determined by the production during the 
previous week. The amount of grain fed was determined by Table VIII A in 
Morrison (15). An upper limit of 24 lb. of grain daily was set for the Holstein 
and Brown Swiss; 18 lb. for the Guernseys, and 16 lb. for the Jerseys. Three 
pounds of corn silage were fed daily per 100 lb. body weight and mixed hay 
was fed ad libitum. Daily weighbacks were taken to obtain feed intake 
measurements. 

Daily milk weights were recorded on all cows. Detailed feed intake measure- 
ments, body weights, and blood samples were taken for the first 84 days of 
production. DHIA records were available for lactation production records. 
Composite samples of night and morning milkings were obtained weekly for the 
first 12 wk. and analyzed for butterfat content by the Babcock method. All 
records were converted to a mature equivalent basis, using the New York State 
age-correction factors. 

Three consecutive-day weights were taken starting 56 days before the 
expected calving date, seven days before the expected calving date, four days 
after calving, and 12 wk. after calving. Weekly weights were also obtained 
before calving and biweekly weights after calving. Birth weights of calves were 
taken shortly after calving. 

Blood samples were taken from the jugular vein of all cows at 5, 3, and 
1 wk. before calving, and 1, 2, 3, 5, and 7 wk. after calving. Potassium oxalate 
was used to prevent coagulation. The proteins in the blood were precipitated 
by the method of Folin and Wu (9) and the blood sugar determined colori- 
metrically by the method of Benedict (2). Blood ketones were distilled from 
the plasma by the method of Behre and Benedict (1) and the acetone was 
determined by the method of Block and Bolling (4). 

Udder edema ratings by palpation were made by three experienced persons. 
The cows were rated on the day of calving and seven days after calving. 
Ratings were given on the numerical basis as follows: 1—no edema 2—slight 
edema, 3—moderate edema, 4—severe edema, and 5—very severe edema. 
Ratings were made to the nearest 0.5. An average of the three ratings was used 
in the analysis. 

Body condition ratings were given to all cows by the same three men. The 
ratings were made at the start of the experiment, 1 wk. before the expected 


calving date, and 12 wk. after calving. The ratings were given as follows: 1— 
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very thin, 2—thin, 3—moderate fleshing, 4—fat, and 5—excessive fatness. 
Ratings again were given to the nearest 0.5 and an average of three ratings was 
used in the analysis. 

Cows showiug clinical signs of ketosis were treated either with sodium 
propionate or with propylene glycol. Herd health data were recorded by the 
herdsmen. 

The experiment was analyzed as a randomized complete block design, using 
the procedure outlined by Snedecor (20). Missing plot determinations and 
correlation coefficients also were calculated by the procedure outlined by 
Snedecor (20). 

Four missing plot determinations were made in the data for the 12-wk. 
production period. During this time, two cows were sold because of positive 
brucellosis reactions, one cow died of milk fever, and another cow was sold 
because it went off-feed and showed a marked reduction in milk production. 
No disease or infection could be diagnosed by the veterinarian. 


RESULTS AND DISCUSSION 


The length of the dry periods and the average daily feed consumption 
during the dry period and the first 28 days after calving are given (Table 1). 
Complete roughage consumption figures were not available for the 12-wk. period 
because a majority of the cows were on pasture during part of this period. The 
length of the dry periods was the same in the low and high groups, but 
averaged five days shorter in the medium group. 

The cows in the high group were offered 15 lb. of grain daily, but consumed 
only 12.8 lb. Less hay was also consumed by the high group during the dry 
period and during the first 28 days of production. These differences were not 
statistically significant (P < .05). No differences between groups in silage 
consumption were apparent. Grain consumption after calving was about the 
same, with a little less consumed by the medium group. This was due to a 
slightly lower level of milk production. 

The body weights and body condition ratings at the various phases of the 
experiment are given (Table 1). Even though cows were assigned to groups 
at random, the cows in the high group weighed more and were in higher body 
condition at the start of the experiment than were the two other groups. The 
cows in the low and medium groups gained 41 and 60 lb., respectively, during 
the dry period and maintained about the same body condition. The high group 
gained significantly (P < .01) more weight than the low and medium groups 
and also gained in body condition. The weight loss at calving was measured as 
the difference between three-day weights 1 wk. before calving and 1 wk. after 
calving. No statistically significant differences in losses at calving were seen 
between groups. The cows in the high group lost significantly (P < .01) more 
weight during the first 12 wk. of production and also lost considerably more 
body condition than-the other groups. At the end of 12 wk. all cows had 
approximately the same rating for body condition. The visual body condition 
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TABLE 1 


Length of dry period, feed consumption, body weights, condition ratings, and production 
of cows fed three levels of grain during the dry period 


Groups 


Low Medium High 
Length of dry period (days) 55 50 55 
Daily feed consumption 
Dry period 
Hay (lb.) 19.4 18.6 14.0 
Silage (lb.) 28.2 26.0 27.1 
Grain (lb.) 0 5.9 12.8 
First 28 days of production 
Hay (lb.) 14.0 15.6 12.5 
Silage (lb.) 35.2 34.0 34.7 
Grain (lb.) 17.4 16.2 17.4 
body weights 56 days before calving (lb.) 1,455 1,432 1,534 
Weight gains during the dry period (lb.) 41 60 98* 
Weight loss at ealving (/b.) 161 141 153 
Weight loss during the first 84 days of 
production (/b.) 52 72 144° 
Condition ratings 
56 days before calving ..22 3.23 3.57 
1 wk. before calving 3.17 $33 3.71 
12 wk. after calving 2.89 2.86 3.0] 
Production 
First 84 days 
Milk (lb.) $980 4,802 5,106 
Butterfat test (%) 4.39 4.70 4.44 
Butterfat (lb.) 218.6 995.5 2968 
4% Fat-corrected milk (lb.) 5,271 5,304 5,444 
Lactation 
Milk (lb.) 12,022 12,005 12,167 
Butterfat test (%) 4.06 4.07 3.99 
Butterfat (lb.) 488 {88 485 


‘Highly significant (P < .01) in comparison to low and medium groups. 


ratings were quite consistent between individuals. Seldom did the three ratings 
vary more than 0.5. 

The production records on the cows are given in Table 1. No statistically 
significant differences in milk or fat production occurred between the three 
groups. Cows in the medium group produced less milk but had a higher butter- 
fat percentage than the two other groups for the first 84 days. The butterfat 
production records for the first 84 days were approximately equal. The feeding 
of 704 lb. of grain during the dry period to the cows in the high group resulted 
in only an additional 173 lb. of 4% fat-correected milk in comparison to the low 
group for the first 84 days. A complicating factor is the high condition of these 
cows at the beginning of the dry period. No differences between groups are 
seen in the lactation averages. The butterfat percentage for the medium group 
was the same as the two other groups when based on lactation averages. 

The coefficient of variation of 4% fat-corrected milk production for the first 
84 days was 13.8%. When the Type I and Type II errors were both set at 10%, 


a true difference of 12.5% of the mean could be detected {Cochran and Cox 
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(6) |]. This means that a difference of 684 lb. could have been detected. The 
differences in 4% fat-corrected milk were considerably less than this. The 
coefficient of variation for milk production for 84 days was 13.9%, indicating 
that approximately the same difference of the mean as 4% fat-corrected milk 
could be detected. 

The correlation coefticient between body condition ratings at calving and 
l2-wk. 4% fat-corrected milk production was 0.041, which was nonsignificant 
at the 10% level of probability. The correlation coefficient between body con- 
dition ratings and butterfat percentage of the milk of Holstein cows was 0.016. 
This again was nonsignificant. This experimental work does not support the 
theory that cows in fat condition at the time of calving produce more milk with 
a higher butterfat percentage. A possible explanation for this is that the lower- 
producing cows never lose their body condition and, thus, are fatter at the 
time of calving than good-producing cows. 

These results on production agree quite closely with those of Greenhalgh 
and Gardner (11). In both cases adequate roughage was fed during the dry 
period. This work also agrees with that of Woodward, Shepherd, and Graves 
(23) and Hathaway et al. (12). Woodward, Shepherd, and Graves (24) stated 
that cows had to be heavily fed 90 days before calving, before an increase in 
production would result from dry-period feeding. 

These results, however, do not agree with some of the other work. Blaxter 
(3) found significant differences in milk production only at 3, 5, and 7 wk. 
after calving between groups fed no grain and those fed grain during the dry 
period. Campbell and Flux (5), Flux (8), and Lees, McMeekan, and Wallace 
(14) compared cows adequately fed during the dry period with those that were 
greatly underfed. The number of cows in Popoff’s experiment (16) was very 
small. Little information appears in the literature on body condition ratings. 
It appears, however, that heavy grain feeding during the dry period will not 
greatly increase production if the cows are in good condition at the time they 
all dried off and high quality roughage is fed during the dry period. The same 
also appears to be true in affecting the butterfat content of the milk. 

The edema ratings of the cows at the time of calving and at seven days after 
calving are given (Table 2). There were no statistically significant differences 


TABLE 2 


Udder edema ratings of cows fed three levels of grain during the dry period 








Years 
Groups 1955-56 1956-57 Average 
(10 trios) (11 trios) (21 trios) 
At calving 
Low 2.31 1.83 2.06 
Medium 2.05 2.21 2.13 
High 2.40 2.29 2.34 
Seven days after calving 
Low 2.18 1.55 1.85 
Medium . 1.83 1.89 1.87 


High 2.07 2.06 2.06 
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in udder edema ratings between groups. The cows in the high group had 
slightly more edema than the two other groups; however, in 1955-56 the cows 
in the low group had about as much edema as the high group and, in 1956-57, 
the cows in the medium group had about the same amount of edema as the high 
group. Approximately equal reductions in the severity of edema occurred in 
all groups from the day of calving to seven days after calving. Even though 
a.l cows were treated the same after calving, and no comparison between light 
and heavy grain feeding after calving could be obtained, the severity of the 
edema did not appear to be greater in these cows than in the other herd cows 
which were brought on to full feed more slowly after calving. 

Eight of the same cows were used in both years and were on different grain 
levels during the dry periods of these 2 yr. These data are presented (Table 
3). Seven of the eight cows had approximately the same edema each year, 
rega:diess of the Icvel of grain fed. Cow 7 had much more edema on the high 
ievel of grain than the medium level. A possible explanation is length of the 
gesiation period. In the fall of 1954, it calved at the expected calving date 
and had a moderate to severe case of edema. In the fall of 1955, it calved 3 wk. 
carly and had only a slight amount of edema. In the fall of 1956, it again 
calved at the expected calving date and again had a moderate to severe case. 

The correlation coeffiicent between edema ratings and condition at calving 
was 0.12. This was not statistically significant. The correlation between edema 
ratings and production was 0.29. This was significant at the 5% level of 
probability. This supports the theory that edema is more prevalent in high- 
producing cows. The nonsignificant correlation between edema and body con- 
dition does not support the theory that fat cows have more edema. 

From these data it appears that edema is not correlated with the level of 
grain feeding before or after calving or with the body condition of the cows. 
These results agree quite closely with most of the previous work in this field. 
It appears that the severity of udder edema is based on an inherent physiologi- 
eal phenomenon, for a cow tends to have the same amount of edema year after 
year regardless of the feeding. 

Five cases of ketosis developed during the 2-yr. experimental period. One 
case developed in the low group, two cases in the medium group, and two cases 
in the high group (Table 4). During 1955-56, the three cases of ketosis all 
developed in one trio and in the second year both cases were from the same trio. 
These cows were treated either with sodium propionate or with propylene glycol 
and made satisfactory recoveries. A considerable number of high-producing 


TABLE 3 
Comparison of edema ratings at calving on eight cows fed different levels 
of grain during the dry periods for two successive years 


Cow No. 


1 2 3 + 5 6 7 8 


Ist year 2.00(L) 2.17(L) 1.8 
1.3 


M) 2.50(M 1.00(M) 1.50(M) 4.00(H) 
2nd year 1.33(M) 1.00(H) I 2 


2.33(L) 133(H) 3.67(H) 4.33(M) 


Low—L; Medium—M; High—H. 
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TABLE 4 


Effect of three levels of grain during the dry period on the incidence 


of infections and diseases 


Levels of dry period feeding 


Disease or infection Low Medium High 
Ketosis 1 2 2 
Retained placenta 3 3 0 
Metritis 2 5 0 
Mastitis 3 5 3 
Milk fever 0 2 4 
2 1 3 


Cystic ovaries 


cows, those milking over 70 lb. of milk daily during the peak of production, 
developed marked cases of ketonemia without developing clinical ketosis. Some 
blood ketone values were above 30 mg. % ; however, the blood sugar values of 


these cows seldom dropped below 35 mg. %. 
The blood sugar and ketone values are shown in Figure 1. It will be noted 


dry 


Fig. 1. 


period. 
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that the blood sugar values were especially high at calving. The values were 
particularly high when the blood samples were taken on the day of calving. 
Cows calving during the night did not show these high values the next day 
when the samples were taken. Heavy grain feeding resulted in slightly higher 
blood sugar values during the dry period. After calving, all groups showed 
nearly identical blood sugar values. All values were at a low point at 2-3 wk. 
after calving, followed by a gradual rise. No significant differences in blood 
ketone values were present between groups. After parturition, a gradual rise 
in blood ketones occurred in all groups up to 3 wk. postpartum, which was 
followed by a gradual decline. The rise in blood ketones closely followed the 
drop in blood sugar values. A possible reason for differences in the incidence 
of ketosis not being seen was the fact that cows were placed on full feed very 
rapidly after calving. 

The incidence of other diseases and infections is given in Table 4. No 
noticeable differences in the incidence of mastitis or cystic ovaries are seen. The 
number of cows used in the experiment, and the distribution of the clinical 
cases, limit the inference from this phase of the experiment. 

No differences in birth weights of normal Holstein calves occurred between 
groups. The female calves weighed as much as the male calves at birth. 
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INFLUENCE OF FEED UPON THE COMPOSITION OF MILK. 
I. HIGH VERSUS LOW FIBER RATION 


I. I. PETERS, R. E. LEIGHTON, and C. A. MULAY 


Department of Dairy Science, Texas Agricultural Experiment Station, College Station 


SUMMARY 


Based on an 8-wk. hot-weather, single-reversal feeding trial involving two lots of 
ten cows each—five Holstein and five Jersey—the following information was obtained: 
Ration B containing 63% more erude fiber and 14% more dry matter than Ration C 
resulted in highly significant mean differences in favor of Ration B with respect to per 
cent T.S. and per cent fat, when comparing weekly averages of all 20 cows. Mean 
differences based on individual cow 4-wk. averages were highly significant with respect 
to conductivity at 37° C. and per cent fat, and significant with respect to per cent T.S., 
all in favor of Ration B. 

Mean significant differences based on individual cow 4-wk. averages for Holstein 
cows only was per cent S.N.F. in favor of Ration B; whereas, for Jersey cows both 
conductivity at 37° C. and per cent fat were highly significant and conductivity at 0° C. 
was significant in favor of Ration B. Milk of cows of both breeds showed lower freezing 
point depressions on Ration C than on Ration B. 








Although heredity is considered most important in governing the composition 
of milk (4), feed and other environmental conditions have been reported to 
cause variations in the major components of milk (1, 2, 3, 4, 8, 11, 15, 16). Barn 
feeding yielded milk higher in per cent fat and lactose than did pasture feeding 
(4). Lowering hay consumption and increasing concentrates caused a decrease 
in per cent fat in milk (1, 7). Varying the protein level in the ration did not 
affect the composition of milk, but variations in starch equivalent resulted in 
variations in per cent protein and per cent lactose (15). Cellulose was found to 
increase the per cent fat in milk, and nonspecified carbohydrates increased per 


Y 


cent fat (6) and per cent total solids (T.S.) and lactose in milk (8). 

Whereas, in one study ambient temperatures as high as 107° F. had no sig- 
nificant effect on the per cent fat in Jerseys (12), another study showed that 
temperatures above the pyrexial point (80-85° F., depending on breed) resulted 
in milk flow decline in some breeds, lowering of solids-not-fat (S.N.F.), inereases 
in fat and pH, and in smaller depression of freezing point (11). 

Variations in composition of milk, irrespective of cause, are of concern to 
the manufacturer as soon as the milk fails to meet specific legal requirements. 
Such requirements usually include specifications as to per cent fat, per cent 
S.N.F., and the freezing point of milk. 

This study was made to obtain further information concerning the influence 
of feed upon the composition and certain properties of milk. 


EXPERIMENTAL METHODS 


Two lots of ten cows each—five Holstein and five Jersey—were selected for 
an 8-wk. hot-weather, single-reversal feeding trial. The high fiber ration con- 
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TABLE 1 


Composition of rations 


Ingredients Ration B Ration C 
(lb.) (lb.) 
Corn meal None 450 
Ground ear corn 500 None 
Ground milo None 300 
Ground oats 200 None 
Wheat bran 200 50 
Cottonseed meal 100 200 
Bone meal 10 10 
Alfalfa hay/100 lb. body weight 1.07" 077° 
Atlas silage/100 lb. body weight 2.27" 1.54" 


“Average amounts of forage consumed per day. 


tained 63% more crude fiber and 14% more dry matter than did the low fiber 
ration. The estimated net energy in the two rations was the same. Table 1 
shows the composition of Rations B and € (5). 
One lot of cows was on Ration B from July 15 to August 12 and on Ration 
C from August 13 to September 10, 1956. The reverse was true for the second 
lot of ten. = 
Individual cow milk samples taken at the evening milking once a week were 
examined for per cent fat by the Babcock method and for T.S. by the Brabender 
semiautomatic moisture tester (17). Conductivity readings at 37 and 0° C., 
freezing point determination, and per cent lactose were determined as described 
by Pinkerton and Peters (9). The per cent S.N.F. was obtained by difference 
(T.S.-fat), as was the per cent lactose-free solids-not-fat (S.N.F.-lactose). 
The data were subjected to statistical treatment according to the method 
described by Snedecor (14). 
RESULTS 
On the basis of weekly averages of all 20 cows, differences with respect to 
both per cent T.S. and per cent fat were found highly significant in favor of 
Ration B (Table 2, A). All other comparisons, although not statistically signi- 
TABLE 2 


Comparison of weekly averages of all 20 cows and of individual cow 4-wk. averages 
(B ration mean—C ration mean) 





B. Individual cow 4-wk. 














A. Weekly averages averages 

Degrees ‘¢t?? Value Degrees $6¢°? Value 
Item studied freedom obtained freedom obtained 
Conduetivity (37° C.) 5° 1.710 19° 2.879 (H.S.) 
Conductivity (0° C.) 5 1.131 19 1.759 
P.P. (° ¢.) i 1.224 19 0.450 
T.S. (%) 7 4.180(H.S.) 19 2.163(S.) 
Fat (%) 7 4.024( HS.) 19 3.986 (H.S.) 
S.N.F. (%) 7 0.490 19 1.041 
Lactose (%) 7 —0.077 19 —0.686 
S.N.F.—Lactose (%) 7 0.251 19 1.384 


, significant (S.); 1% = 4.032, highly significant (H.S.). 


"<<t?? values: 5% = 2.571 
><<t?? values: 5% = 2.365 (S.); 1% =3.499 (HLS.) 
©¢¢t?? values: 5% = 2.093 (S.); 1% =2.861 (HS.). 
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ficant, favored Ration B, with the exception of the one with respect to per cent 
lactose, which favored Ration C. 

On the basis of comparisons of individual-cow 4-wk. averages, ration differ- 
ences with respect to both conductivity at 37° C. and per cent fat were found 
to be highly significant, and per cent T.S. significant in favor of Ration B 
(Table 2, B) 
Ration B, with the exception of the one with respect to per cent lactose, which 
favored Ration C. 


All other comparisons, although not statistically significant, favored 


Results of comparisons of rations on the besis of individual-cow 4-wk. aver- 
age by breed are shown (Table 3). Ration B resulted in milk significantly higher 
TABLE 3 
Comparison of individual cow 4-wk. averages by breed 

(B ration mean—C ration mean) 
Holstein Jersey 


‘t’’ Value 
obtained 


Degrees 
freedom 


‘*t?? Value 
obtained 


Degrees 


Item studied freedom 


Conduetivity (37° C.) 9* 0.004 9* 5.415( HS. 
Conductivity (0° C.) 9 —0.009 9 2.398 
F.P. (—° C.) 9 1.812 9 0.011 
T.S. (%) a) 1.106 9 1.866 
Fat (%) 9 2.264(S. 9 —0.623 
Lactose (% ) 9 0.013 9 — 706 
S.N.F.—Lactose (% ) 9 0.612 rt) 1.261 
*<6¢?? values: 5% 2.262 (S. 1% = 3.250 (H.8.). 


in per cent S.N.F. in the Holstein group. All other comparisons in this group, 
although not statistically significant, favored Ration B, with the exception of 
the one with respect to conductivity at 0° C., which favored Ration C. 

For the Jerseys, ration differences in conductivity at 37° C. and in per cent 
fat were highly significant and in conductivity at 0° C. significant in favor of 
Ration B. All other comparisons in this group, although not statistically signi- 
ficant, favored Ration B, with the exception of the ones involving per cent 
S.N.F. and per cent lactose, which favored Ration C. 

The data in Table 4 show the per cent of all milk samples below state require- 
ments when arranged by breed and ration. A higher per cent of Holstein than 
of Jersey milk samples from both rations failed to meet the minimum freezing 


TABLE 4 
Per cent of samples below state requirement by breed and ration 


Minimum 








Constituent 
or property 


_ —_—_—_—__——_(™ })- ——E — 
F.P. (—° C.) 0.5335" 15 32.5 5 7.5 
Fat (%) 3.25 30 25 0 0 
S.N.F. (%) 8.00 25 27.5 0 0 


requirement 
for Texas 


“Tolerance of 3% added water. 


High fiber 


Holstein 


Low fiber 


High fiber 


Jersey 


Low fiber 
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point of —0.5335° C. However, the high fiber ration had a less detrimental effect 
upon the freezing point than did the low fiber ration. 

All Jersey milk samples from individual cows were above the minimum state 
requirements for per cent fat and per cent S.N.F., but 25% or more of the 
individual Holstein cow’s milk samples failed to meet state requirements. Both 
rations gave similar results with the Holstein cows. 


DISCUSSION 

The results of this study substantiate observations made by other workers 
that the composition of milk may be altered by the ration fed to lactating cows 
(6, 8, 10). However, it is of interest that the same ration had different effects 
upon the composition of milk of the two breeds. This is evident from the data 
Table 3). Whereas, in the Holstein group, Ration B caused a significant increase 
in per cent S.N.F. over Ration C, the ration difference, although not significant, 
was reversed from this in the Jerseys. Similar reversal of ration differences in 
the two breeds was observed with respect to conductivity at 0° C. and per cent 
lactose. If such observed differences in the conversion of the same ration into 
different milk components are not due to sampling, they must be attributed to 
hereditary differences between breeds (4). 

Since this study was conducted during the hot summer months, the influence 
of environmental conditions upon the secretion of milk can not be ignored (3, 
11, 12, 13). Although the ration difference in average daily milk yield of all 
cows was significant (0.96 lb.), and in favor of Ration C, 
cant (1.53 lb.) for the Holstein group but not significant (0.38 lb.) for the 
Jersey group (13). Since Holstein cows are known to be more sensitive to high 


it was highly signifi- 


temperatures than Jerseys (3), the more favorable response in milk yield with 
Ration C may be attributed to the observation that cows while on Ration C had 
lower average body temperatures than when on Ration B. Observed differences 
in average body temperature between rations were highly significantly lower 
on Ration C than on Ration B, being 0.5 and 0.17° F. for the Holstein and Jersey 
cows, respectively (5). Also highly significant were the observed differences be- 
tween rations with respect to respiration and pulse rates for all cows, as well as 
for each breed, being lower on Ration C (5). 

No explanation can be offered at this time for the observed differences be- 
tween rations with respect to freezing point in the Holstein group (shown in 
Table 4). Additional research is required before such an explanation can be 
given. 
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TECHNICAL NOTES 


DIGESTIBILITY OF SOYBEAN HULLS AND FLAKES AND THE 
IN VITRO DIGESTIBILITY OF THE CELLULOSE 
IN VARIOUS MILLING BY-PRODUCTS ! 2 


The production of soybean meals containing 
50 44%, erude protein has diverted large 
amounts of soybean hulls from meal produe- 
tion into mill by-product feeds. The potential 
use of hulls as a source of fiber in ruminant 
rations has stimulated interest in a study of 
their digestibility and utilization. 

Since soybean hulls contain 40-50% cellulose 
on an air-dry basis, it was decided to investi- 
gate also the in vitro digestibility of the cellu- 
lose in a number of other milling by-products 
and dehydrated alfalfa meal (13% protein). 
All materials were ground to 40 mesh (with 
the exception of corn cobs, which were ground 
to 0.5-mm. mesh) in a Wiley mill and the in 
vitro cellulose digestibility was determined ac- 
cording to the procedure described by Kamstra 
et al. (3), as modified by Quicke et al. (4) for 
forages. Cellulose was determined by the 
method of Crampton and Maynard (2), and 
crude fiber by the A.O.A.C. method. 

The cellulose in soybean hulls and flakes, as 
well as in beet pulp, proved to be highly digest- 
ible in vitro (90 to 96%), whereas the cellulose 
in the other products studied gave in vitro 
digestibilities ranging from 49 to 21% (Table 


08. 


1). When the digestibility of crude fiber 
(A.0O.A.C.) was estimated, the values were 


comparable to those obtained for the cellulose 
in hulls and the other by-product feeds 
studied (cf. Table 1). The cellulose digestibility 
estimates by the in vitro technique for wheat 

*Approved for publication as Journal Article 
No. 69-58 by the Associate Director of the Ohio 
Agricultural Experiment Station. 

* This work was supported in part by a grant-in- 
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TABLE 1 


In vitro digestibility of the cellulose 
in milling by-products 


48-Hr. in vitro 


Cellu- digestibility (% ) 
lose - 
content Crude 
(airdry  Cellu- fiber 
Material basis ) lose* (A.O0.A.C.)” 
Soybean hulls 43.34 96.2 96.7 
Soybean flakes ‘ 40.82 95.3 
Beet pulp 22.81 90.4 89.9 
Corn cobs 
(0.5-mm. mesh ) 34.93 49.4 
Barley screenings 16.58 42.3 
Canadian refuse 
screenings 12.39 35.7 
Oat hulls 34.12 31.9 32.3 
Oat mill feed 29.77 26.2 
Domestic wheat 
screenings 8.27 25.3 
Cottonseed hulls 35.07 25.2 
Dried corn distillers’ 
grains 16.25 24.6 25.7 
Brewers dried grains 16.40 20.9 
0.0 


Alfalfa meal (18%) 26.48 44.8 





“ Average of three to five experiments; each fer- 
mentation was carried out in duplicate. 

» Average of two experiments. 

° Soybean hulls flaked by rolling. 


bran gave low and erratic values, presumably 
because of the interference from the starch in 
this product. 

In view of these findings, it was decided to 
make a more detailed study of the digestibility 
of soybean hulls and flakes, using the conven- 
tional sheep digestion trial. Three sheep were 


TABLE 2 


Composition and apparent digestion coefficients of soybean hulls and flakes 








Soybean hulls 


Soybean flakes * 








Digestion Digestion 
Constituent Dry matter coefficient Dry matter coefticient 
(%) 

Dry matter 100.0 58 100.0 64 
Total organic matter 95.5 59 95.5 65 
Crude protein 9.7 84 10.7 86 
Ether extract 1.5 52 3.0 71 
Crude fiber 40.9 57 38.1 60 
NFE 43.4 56 43.7 61 
47.2 54 44.8 59 


Cellulose 





* Soybean hulls flaked by rolling. 
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used in each trial and ten-day preliminary and 
collection periods were employed. Both the 
flakes and hulls were palatable when full-fed 
without hay or concentrate. Proximate analyses 
were carried out according to the A.O.A.C. 
procedures. 

Tie results are presented (Table 2). It will 
be seen that the apparent digestibility coeffi- 
cients of the cellulose in the hulls and flakes 
(54 and 59%, respectively) were considerably 
lower than the values for cellulose digestion 
obtained by the in vitro technique. It rust 
be pointed out, however, that the hulls and 
flakes were fed as sole feed in the respective 
rations. It was noted that very soft feces 
were voided by the sheep. It is probable that 
under these conditions, passage of the feed 
through the rumen is too rapid to permit maxi- 
mum cellulose digestion. As a further cheek 
on the in vivo digestibility of the cellulose in 
soybean hulls, cellulose digestion was deter- 
mined by introducing three samples, in 100- 
mesh Daeron bags, into the rumen of a fistulated 
steer, according to the method deseribed by 
Belasco et al. (1). The average digestibility in 
a 30-hr. period amounted to 96%, showing 
good agreement with the digestibility as meas- 
ured in vitro. 

A further point of interest is the high ap- 
parent digestibility coefficient for protein (54 
and 86% for hulls and flakes, respectively), 
a matter of some importance when it is borne 
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in mind that these by-products contain about 
10% protein. 
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ELEVATION OF PLASMA CAROTENOIDS BY VITAMIN A 
ADMINISTRATION IN THE BOVINE! 


Considerable research has been concerned 
with factors that alter plasma carotene con- 
centration in the bovine. Several workers, 
including Braun (1), have presented results 
which indicate relationships between plasma 
carotene and vitamin A when a carotene source 
is fed. For the most part, massive vitamin A 
doses have tended to depress the content of 
carotene in the plasma. However, the physio- 
logical importance of circulating carotene has 
been questioned since Church et al. (2) showed 
that beef calves did not convert intravenously 
injected carotene to vitamin A. 

These studies were conducted to supplement 
previous findings relating to plasma carotene 
alterations resulting from vitamin A adminis- 
tration. 


* Arizona Agricultural Experiment Station Tech- 
nical Paper No. 480. 

The authors appreciate the cooperation of the 
following companies in supplying their vitamin A 
products: 

* Van Camp Laboratories. 

*Chas. Pfizer & Company. 

*“Nopco Chemical Company. 


Study A. Twenty yearling Angus heifers 
were divided into five equal groups and adjust- 
ed to a ecarotene-vitamin A-free experimental 
ration for seven days. Five sources of vitamin 
A were orally administered by capsule in ac- 
cordance with body weight (1,000 I.U. per 
pound): (a) erystalline vitamin A _ acetate 
emulsion in Tween 80 and water, (b) water- 
dispersible fish oil*, (c) gelatin—coated vitamin 
A®, (d) wax-micratized vitamin A‘, and (e) 
water—dispersible dry vitamin A*. Venous blood, 
for the Kimble method (5) of plasma carote- 
noid analysis, was withdrawn from each heifer 
initially, at 12, 24, and 30 hr. following vitamin 
A administration. 

The administration of all types of vitamin 
A resulted in elevated plasma carotenoid con- 
centration (Table 1), and the increased carote- 
noid occurred simultaneously with vitamin A 
appearance in the blood. 

Study B. Two groups of five yearling Here- 
ford steers were fed Bermuda grass straw with 
and without 2 lb. of cottonseed meal per head 
daily for 42 days before and during the experi- 
mental period. Vitamin A acetate, emulsified in 
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TABLE 1 


Plasma carotenoid content as influenced by oral vitamin A administration 


Average 


Vitamin A treatments weight 
(lb.) 
Crystalline acetate 645 
Water-soluble feeding oil 539 
Gelatin-coated 536 
Mieratized in wax 540 
Water-dispersible dry 540 


Plasma carotenoid 


Ohr 12 hr. 22 hr. 30 hr. 
(r/100 ml.) 

15.0 41.8 60.6 48.7 

60.2 57.6 64.6 52.3 

33.8 33.0 68.8 53.1 

12.8 22.6 33.8 26.5 

35.9 30.1 629 64.5 


TABLE 2 


Plasma carotenoid content 


Average 


Treatment weight 
(lb.) 
None 641 
Cottonseed meal 712 


water with Tween 80, was intravenously ad- 
ministered at the rate of 10 mg/100 lb. body 
weight. Plasma was analyzed for carotenoids 
initially, 6.5, 24, and 54 hr. post-treatment. 
Within 6.5 hr. following vitamin A administra- 
tion, plasma carotenoid levels showed a rise, 
but thereafter declined slowly (Table 2). This 
rise in plasma carotenoids can not be attributed 
to diurnal variation. 

Other investigators (3) have found that 
massive vitamin A administration depressed 
the carotene content of milk and serum when 
alfalfa hay was fed to cows. In one report 
(5), lowa workers found that vitamin A feed- 
ing to young calves predisposed a lowered serum 
carotene content; whereas, in other similar 
studies (6) serum carotene was relatively un- 
affected. Undoubtedly, either the breed and 
age of the animals or the experimental proce- 
dure accounted for the differences between the 
results of the previous reports and the studies 
presented herein. Since no carotene was fed, 
the effect of oral and intravenous vitamin A 
administration on plasma carotenoids must 
have been mediated through the mobilization 
of these pigments from body tissues. 


E. S. Erwin 

R. H. Diven 

B. R. TAyLor 

Department of Animal Science, 
University of Arizona, Tueson 


as influenced by intravenous vitamin A administration 


Plasma carotenoid 


O hr. 6.5 hr. 22 hr. 54 hr. 
(r/100 ml.) 
18,4 34.3 36.5 25.2 
12. 43.2 38.7 25.0 
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EFFECT OF GLYCEROL ON LACTIC ACID PRODUCTION BY BULL 
SPERMATOZOA DILUTED IN HEATED SKIMMILK AND 
EGG YOLK-CITRATE !: * 


The addition of glycerol either to milk or to 
egg yolk diluent improves the livability of bull 
spermatozoa (1, 5, 7, 9, 10), and its addition to 
milk diluent prolongs fertility (2, 7,11). How- 
ever, the mode of action of glycerol is not 
known. Flipse and Almquist (6) found that 
lactic acid production by bull spermatozoa dur- 
ing 3 hr. at 37° C. was less in milk-glyeine- 
glycerol than in milk alone; whereas, oxygen 
consumption was not markedly altered by the 
presence of glycine plus glycerol. They postu- 
lated that the reduced accumulation of lactic 
acid might account for the extended survival of 
sperm in milk-glycine-glycerol diluent. 

An experiment was designed to compare lac- 
tie acid production by bull spermatozoa in 
heated fresh skimmilk and 1:4 egg yolk—citrate 
diluents, with no additives, with 10% glycerol 
by volume, with 1.25% fructose by weight, and 
with 1.25% fructose plus 10% glycerol. With 
all treatments whole, pooled semen was diluted 
to one-half the final volume in diluent without 
additives and cooled to 5° C. An equal volume 
of diluent, containing the required additives 
at twice the final concentration, was added at 
5° C. in three equal portions at 10-min. inter- 
vals. The final diluted semen contained 250 x 
10° motile sperm, 1,000 units of penicillin, and 
1,000 ug. of streptomycin per milliliter. Lactic 
acid accumulation during ineubation under air 
for 3 hr. at 37°C. was determined by the 
method of Barker and Summerson (3). Based 
on the results of a previous study (8), 5-ml. 
samples were incubated in 20- by 180-mm. test 
tubes rather than in 125-ml. Erlenmeyer flasks, 
to allow greater lactic acid production during 
incubation. The average results for three repli- 
cates are shown (Table 1). Analysis of vari- 


TABLE 1 
Effect of adding glycerol and fructose to heated 
skimmilk and 1:4 egg yolk—citrate diluents on 
lactic acid production by bull spermatozoa 
(Average milligrams of lactic acid produced 
per 10° sperm per hour at 37° C. in 
three replicates) 


Diluent 
Diluent Yolk- 
treatment Skimmilk citrate Average 
None 1.58 1.99 1.78 
10% Glycerol 1.20 1.48 1.34 
1.25% Fructose 1.52 2.03 1.78 
Glycerol plus fructose 1.45 1.89 1.67 
Average 1.44 1.85 


anee revealed highly significant differences 
(P < 0.01) between diluents and among diluent 
treatments. Lactie acid accumulation in the 
presence of 10% glycerol was approximately 
25% less (P < 0.01) than the average for the 
three other diluent treatments. Other studies 
in this laboratory (4) have shown that glycerol 
may reduce lactic acid accumulation during 
incubation as much as 40%, when comparing 
milk diluents with and without glycerol. The 
addition of fructose alone, or with glycerol, 
did not change significantly the lactie acid 
production in either diluent. 

Spermatozoan motility was approximately 
equal in all diluent combinations initially 
(average 51%) and was not significantly re- 
duced after 3 hr. of ineubation (average 48%). 

Whether additives were present or not, sper- 
matozoa incubated in egg yolk—citrate produced 
highly significantly (P < 0.01) greater amounts 
of lactie acid than did those in skimmilk diluent. 
Addition of glycerol to either skimmilk or yolk- 
citrate diluent resulted in approximately the 
same percentage depression in lactic acid pro- 
duction. However, the amount of lactie acid 
produced by sperm in yolk-citrate-glycerol was 
similar to that produced in milk without glye- 
erol or milk-fructose. These relationships may 
aid in explaining the improved livability of 
spermatozoa during storage at 5° C. in milk- 
glycerol over those in egg yolk-glycerol, as 
observed by Willett and Ohms (10). 

These results show that glycerol has a defi- 
nitely depressing effect on lactic acid produc- 
tion by spermatozoa diluted in commonly used 
semen diluents. Although sugar utilization was 
not determined, reduced lactic acid accumula- 
tion indicates that glycerol possibly depresses 
glycolysis by bull spermatozoa. This may be 
related in part to the maintenance of higher 
fertility on the third and fourth days after 
collection, with semen diluted in milk-glycerol, 
than that found for semen diluted in milk with- 
out glycerol (2, 6, 11). However, it is likely 
that other biochemical, as well as biophysical, 
effects may be involved in the ability of glycerol 
to extend the fertility and livability of bull 





* Authorized for publication on June 11, 1958, 
as Paper No. 2265 in the journal series of The 
Pennsylvania Agricultural Experiment Station. 

? Supported in part by grants from the Pennsyl- 
vania State Association of Artificial Breeding Co- 
operatives. 
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spermatozoa. Studies are in progress to deter- 
mine the nature and importance of these effects. 


W. T. O’DELL 


J. O. ALMQUIST 
AND 
R. J. FLpse 


Dairy Breeding Research Center, 
Department of Dairy Science, 

The Pennsylvania State University, 
University Park 
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SPECIAL DIETS FOR THE PRODUCTION OF LOW FAT MILK AND 
MORE EFFICIENT GAINS IN BODY WEIGHT 


It was first observed by Powell (5, 6) that 
the fat content of milk could be decreased 
by feeding low-roughage, high-concentrate diets 
by grinding the hay. It has also been reported 
that the fat decrease was accompanied by a 
decrease in the proportion of ruminal acetate 
and an increase in the proportion of ruminal 
propionate (2,8). An even greater decrease 
in milk fat content occurred when “flaked 
maize” was fed with small amounts of hay (3). 
Other studies (7) showed that it was difficult 
to decrease the fat content of the milk on ra- 
tions made up of as little as 4 lb. of hay plus 
an unheated concentrate, but that when the 
concentrate was made up of cooked ingredients 
and fed with 6-7 lb. of alfalfa hay, a marked 
decrease occurred. From 4 to 6 wk. were re- 
quired to obtain the maximum decrease, the 
greatest decrease occurring at about the time 
of the greatest change in the proportions of the 
rumen volatile fatty acids (VFA). 

Recently (1), it has been reported that the 
feeding to sheep of a mixture of volatile fatty 
acids with a high proportion of propionate 
resulted in a lesser heat increment than a mix- 
ture containing a high proportion of acetate. 
It remained to be demonstrated, however, 
whether practical diets could be developed for 
the consistent production of low fat milk. This 
was one of the objectives of the present study. 


in the following studies, lactating cows were 
fed according to production with various com- 
binations of long or finely ground alfalfa hay 
with or without ground corn, heated ground 
and crimped corn, or glucose. In addition, an 
experiment was conducted with two groups of 
eight Holstein-Friesian steer calves. One group 
received a ration of chopped alfalfa hay (U.S. 
No. 2), ground corn, and pelleted linseed oil 
meal in the proportion 1:1:0.02. The second 
group received the same hay after it was ground 
and pelleted, steamed and crimped corn, and 
pelleted linseed oil meal in the same propor- 
tions as Group I. The animals were paired off 
at almost identical weights and fed individually. 
Each pair was fed at 110% of Morrison’s 
standard (4), feed changes being made each 
week on the basis of the weight of the animal 
the preceding day. The animals were weighed 
for three consecutive days at the beginning and 
end of the feeding trial, and one-day weights 
were obtained at weekly intervals. 

Volatile fatty acids from rumen fluid ob- 
tained from the cows by means of a stomach 
tube were determined by a modification of the 
Wiseman and Irvin (9) method. Milk pro- 
duced was recorded daily and milk fat tests 
were obtained for three consecutive days at the 
end of each week. The cows were weighed for 
three consecutive days at the beginning of the 
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TABLE 1 
Relation of diet to fat content of milk and to rumen volatile fatty acids 


Average 


Average Rumen fluid volatile fatty 


No. Experi- changein change in acids as molar % of total 
of mental milk fat milk pro- 7 
Ration cows period content duction (2 Cs C, Cs 
(days) (%) 
(1) 38-42 Ib. long hay 6 28 0 11 70.5 19.5 7.5 2.6 
+ 16 a = 12 +0.7 
(2) 28-32 Ib. ground and } 28 0 Pr 67.9 20.2 &7 3.1 
pelleted hay = age FY | + 3.6 +> O04 +0.5 
(3) 26 lb. ground and pelleted 2 +0) 13 19.2 61.9 25.1 9.0 4.] 
hay, + lb. ground corn + 4.0 - 2 + 0.5 12 
(4) 28 lb. ground and pelleted 2 18 53 7.9 O39 31.1 9.4 5.5 
hay, 4+ lb. heated corn + 0.4 = 6 = 19 +13 
34 51 19.5 54.0 31.9 9.2 5.0 
+ 42 + 1.6 = oak Pe - +1.5 
(5) 6 1b. ground and pelleted 2 17 53 —10.6 $7.5 38.7 7.8 6.1 
hay, 18 lb. heated corn i 5.4 + 85 — 36 +0.5 
34 57 18.5 $9.5 39.7 5.8 5.3 
+ 5.6 > ae FY | 2.1 +0.0 
(6) 16 lb. ground and pelleted 2 30 10 13.0 59.9 17.7 18.4 8.0 
hay, + lb. glucose + 14 = 15 + 04 +25 
(7) 6 Ib. long hay, 18 Ib. 3 28 5 -11.0 53.8 22.7 15.6 7.9 
heated corn = 22 = 44 + 17 34 


feeding trial and at weekly intervals thereafter. 

Perhaps‘ the most interesting aspect of the 
data in Table 1 is the observation that a very 
rapid and marked decrease in milk fat test can 
be achieved by feeding a ration high in ground 
and pelleted hay, plus a small amount of heated 
corn. The decreased fat content of the milk 
was accompanied by a marked change in the 
proportion of acetate (decrease) and of pro- 
pionate (increase) in the rumen fluid. Similar 
effects were noted when only 6 lb. of ground 
and pelleted hay and 18 Ib. of heated corn were 
fed; a lower proportion of acetate and a higher 
proportion of propionate were noted, but the 
decrease in the fat content of the milk was the 
same. Ground and pelleted hay alone did not 
result in a marked change either in the milk 
fat content or in the rumen VFA. The addition 
of 4 lb. of ground corn to the ground and pel- 
leted hay diet also decreased the fat content of 
the milk slightly and altered the rumen VFA 
to some extent, but over a much longer period 
of time. The effect of heated corn was lessened 
greatly when long hay was fed. The decrease 


in milk production with time was somewhat 
greater with the cows fed ground and pelleted 
hay; in this respect, the addition of corn meal 
had about the same effect as heated corn. 

The effect of feeding a ration of ground and 
pelleted alfalfa hay and steam-heated corn 
(plus linseed oil meal) was equally dramatic 
in the steer-feeding experiment (Table 2). The 
steers receiving this ration gained at a rate 
of 0.5 lb. per day more than the group receiv- 
ing the chopped hay and ground corn (plus 
linseed oil meal), and required 69.3 Ib. less 
feed on a dry matter basis per 100 lb. of gain. 
This increased efficiency was found to be sig- 
nificant at the probability level of 0.01. The 
difference in the rate of gains of the two groups 
was very uniform throughout the 56-day trial. 

It is apparent, therefore, that a diet of 
ground and pelleted hay plus heated con- 
centrate is highly effective for producing low 
fat milk and for achieving increased efficiency 
of gains in body weight. This diet should also 
be excellent for dairy cattle during the dry 
and freshening period, since it produces more 


TABLE 2 


Grounm 


and pelleted hay plus heated corn vs. chopped hay plus ground corn 


for fattening steer calves (56-day trial) 


Average Average Lb. feed 


No. of Initial total daily dry matter 
Ration steers weight gain gain 100 Ib. gain 
Ib. )J— 
(1) 2” chopped hay + ground 
corn + pelleted linseed oil 
meal 1:1:0.02) Ss 274.8 + 47.0 114.6 2.05 + .14 392.0 + 28.0 


(2) Ground and pelleted hay 


heated corn pelleted 


linseed oil meal (1:1: 0.02 8 


276.4 + 41.6 142.9 


: 
; 
| 
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efficient gains and is more glueogenie than nor- (3) 
mal rations; the high glueogenicity of the diet 
should aid in the prevention of ketosis. It 
should also assist in maintaining blood glucose 
levels and body weight immediately portpar- 

tum, by decreasing the energy needs of the 

cow by inducing the production of a low fat 
content milk. 


W. L. Ensor 

J. C. SHAW (5) 
H. EF. TELLECHEA 

Department of Dairy Husbandry, 
University of Maryland, (6) 
College Park 
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Symposium: Use and Control of Pesticides and Antibiotics in Milk 


Production and Manufacturing. Federal Recommendations ! 


USES OF INSECTICIDES IN THE PRODUCTION OF MILK 
A. W. LinpgvuIst 


Entomology Research Division, USDA, Washington, D.C. 


Every minute of every day insects are 
making their insidious attacks on man, his 
crops, timber, gardens, homes, mills, ware- 
houses, and livestock. Competition with man 
is keen and constant. Estimates of losses in 
dollars and cents are difficult to arrive at but, 
in the aggregate, insects cause losses of 
approximately $4 billion annually in the 
United States, to food and fiber crops, live- 
stock, forests, buildings, stored products, and 
clothing. Many serious livestock and plant 
diseases are transmitted by some of these 
pests. For example, cattle fever, anaplasmosis, 
encephalitis, anthrax, and filariasis are trans- 
mitted by ticks, flies, and mosquitoes. Forage 
plant diseases transmitted by insects include 
alfalfa mosaie, witches’-broom of alfalfa, and 
alfalfa dwarf, and numerous others, which are 
either proved or suspected of being carried by 
insects. In addition, there are the filth insects, 
such as house flies, blow flies, and cockroaches, 
which contaminate food and also transmit 
human and livestock diseases. The dairy in- 
dustry is adversely affected by many of these 
pests in several stages of milk production. 
They feed on the farmer’s forage and pasture, 
attack his livestock, contaminate his food, and 
are nuisances in the barns and milk rooms as 
well as in processing plants. 

Scientists have conducted much research on 
ways to control these pests. Many methods of 
control are employed, including use of bio- 
logieal agents, eultural practices, mechanical 
devices, draining and filling of breeding areas, 
and chemicals. The use of insecticides is the 
most widely applied single method, because 
they generally provide highly effective contro] 
at comparatively low cost. 


RESIDUES AND THE PROBLEMS THEY CREATE 

In recent years, several problems have been 
encountered in connection with the use of 
insecticides that are now commonly recom- 
mended. Perhaps the most serious trouble is 
that of insecticide residues which may appear 
in raw agricultural products or in processed 
foods. 

Various government agencies and industry, 
representing many scientifie disciplines, have 


‘The four papers in this symposium were pre- 
sented at the 53rd Annual Meeting of the American 
Dairy Science Association, North Carolina State 
College, Raleigh. 


long recognized that in connection with the 
use of chemicals to produce agricultural com- 
modities the public must have assurance that 
foods do not contain harmful residues. After 
much study, the Miller Amendment to the 
Federal Food, Drug, and Cosmetie Act of 1938 
was passed, on July 22, 1954. This new law, 
Public Law 518, is designed to increase pro- 
tection to the public from harmful residues, 
and provides procedures for establishing toler- 
ances of pesticides on raw agricultural prod- 
ucts. It also recognizes that insecticides are 
necessary to assure a continuing supply of 
high-quality foods. 

The importance of the residue problem has 
heen recognized ever since pesticides came into 
use. Prior to the enactment of legislation, re- 
search on the development of recommendations 
for the control of insects had emphasized the 
prevention or minimizing of insecticide resi- 
dues in plant and animal products. Many 
research data had been obtained by state, 
federal, and industry workers which guided 
officials responsible for issuing control recom- 
mendations. Officials of the Pesticide Regula- 
tion Section of our Department, and those 
of the Food and Drug Administration, vere 
consulted by federal and state entomologists 
relative to proposed recommendations. How- 
ever, following the recent, more stringent 
legislation, research has been intensified to 
determine more precisely the nature and extent 
of residues which appear in foods following 
the use of various pesticides. It has been 
found that several of the effective materials, 
including malathion, Diazinon, toxaphene, and 
Perthane, and spray formulations of methoxy- 
chlor, can not be used on dairy animals because 
minute amounts of residues occur in the milk. 
No tolerances have been established for insee- 
ticide residues in milk. Regulatory officials 
and others recognize the necessity for keeping 
milk free of any harmful residues, because 
it is the major item in the diet of infants, the 
aged, and the sick. 

Obtaining data on the residues of insecti- 
cides on or in crops, or the accumulation of 
residues in meat and milk, involves a great deal 
of complex and painstaking research. Ento- 
mologists, veterinarians, and chemists have 
developed various techniques for applying 
insecticides on crops, and for taking samples 
for residue determinations. Methods have also 
been developed for feeding livestock measured 
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amounts of insecticides in their diet and for 
the surgical removal of fat samples from 
animals at various intervals after treatment, so 
that more precise information can be obtained. 
Similar procedures are used in studying resi- 
dues in animals sprayed with insecticides. The 
chemists have devised various highly sensitive 
methods of analyses of numerous insecticides 
and their break-down products in animal and 
plant tissues and in milk. Their problems have 
been concerned with the extraction, clean-up 
procedures, and sensitivity measurement of 
residue levels as low as 0.1 p.p.m. or less in 
tissues. Studies on each insecticide that has 
broad and extensive usage requires the anal- 
ysis of thousands of samples of meat, milk, 
organ tissues, and plants. 

In experiments designed to determine resi- 
dues in livestock, the expenses particularly 
are great. To determine to what extent, if 
any, an insecticide is secreted in the milk 
following the feeding of treated forage, cows 
are carefully selected so as to be similar in 
age, milk production, period of lactation, and 
breed. They must, of course, be free initially 
from any insecticide contamination. There are 
usually two to four cows for each of four to 
six levels of insecticide feeding. Milk samples 
are taken and analyzed two or three times a 
week during the feeding period, which is 
usually 3 to 4 wk. in length, and sampling is 
continued for several weeks after the feeding 
of insecticide-treated forage is stopped. De- 
termining residues in meat and milk following 
application of sprays to animals must be 
studied in a similar manner. Thus, obtaining 
residue data in livestock requires long periods 
of time, as well as being costly. 

It has been said in some quarters that 
insecticides have been foisted on the public 
without adequate study. This is not true, since 
immense amounts of effort and money have 
gone into experimental work to determine how 
insecticides may be used safely. Effort and 
costs are shared by industry, state, and federal 
agencies, but the ultimate cost is borne by the 
taxpayer and consumer. 

In addition to studying residues of estab- 
lished insecticides, entomologists and chemists 
are continuing the search for new and safer 
compounds. Many thousands of chemicals are 
being evaluated each vear to determine their 
effectiveness against different insects. Those 
having promise in preliminary tests are further 
evaluated in field experiments. Entomologists 
are also investigating ways to minimize resi- 
dues by developing new application techniques 
and new formulations of the insecticides. 


INSECTS ON FORAGE AND PASTURE 
Of the 75 or more species of insects and 
mites that are economic pests of forage crops, 
the most important are the alfalfa weevil, 
the pea aphid, spittlebugs, the spotted alfalfa 
aphid, the potato leafhopper, the European 
corn borer, and the corn earworm. These pests 


are prevalent in most of the billion acres de- 
voted to producing forage in the United States. 
Since forage and pasture crops constitute the 
major source of feed for dairy cattle, it is 
mandatory to control insects on these crops. 
The development of insecticides that will pro- 
vide effective and economical insect control, 
and will not leave undesirable residues on the 
plants and subsequently in milk, has been 
exceedingly difficult. 

The alfalfa weevil is present in most of 
the States from Nebraska to the West, and 
has recently spread along the Atlantic coast 
from South Carolina to Massachusetts. In 
the West, heptachlor at 4 oz. per acre applied 
when plants are less than 2 in. tall will control 
the adult insects and prevent egg-laying. In 
the East, heptachlor at the same dosage is 
recommended when the plants are 10-12 in. 
tall. Stubble treatment after the first cutting 
is also necessary sometimes. After forage is 
treated with heptachlor, seven days must 
elapse before harvest, for the residues to dis- 
sipate to the required tolerance. 

The pea aphid is damaging to alfalfa, clover, 
and other legumes in many parts of the United 
States. Malathion is recommended at 10 oz. 
per acre and gives good control. A period of 
seven days must elapse between treatment and 
feeding of the forage. Parathion at 4 oz. per 
acre is also recommended, with a 15-day wait- 
ing period before feeding. 

The spotted alfalfa aphid, a recent pest in 
this country, now is known to oceur in 31] 
states. Demeton, parathion, and malathion are 
recommended for control of this pest, but the 
costs are high. Waiting periods of 21, 15, and 
seven days, respectively, must elapse between 
treatment and feeding, to prevent any residues 
in milk. 

Spittlebugs, which are serious pests of al- 
falfa, clover, and other legumes, occur from 
Illinois east to the Atlantic coast and south 
into Kentucky. Heptachlor and methoxychlor 
are recommended as sprays about 1 wk. after 
the eggs hatch. A seven-day waiting period 
before pasturing or feeding is necessary to 
prevent residues. 

Potato leafhoppers are damaging to alfalfa 
in the eastern half of the United States. 
Methoxyehlor at 8 oz. per acre applied when 
the crop is half-grown controls these pests. 
A seven-day waiting period before feeding to 
livestock is again necessary. 

The use of the chlorinated hydrocarbons, 
especially DDT, for control of the Kuropean 
corn borer and corn earworm on sweet corn, 
are major developments in controlling these 
important pests, but again, their use creates 
a serious residue problem in milk from animals 
feeding on the silage and forage. The present 
requirement is that forage from corn treated 
with DDT emulsion can not be fed to dairy 
animals. Substitute insecticides, such as ryania 
and parathion, have been developed for the 
control of the corn borer. Although these 
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materials are not as effective as DDT, they do 
not leave objectionable residues on the fodder 
at harvest. No satisfactory substitute for 
DDT has been found for corn earworm con- 
trol. Since, in most areas, it is impossible to 
produce marketable sweet corn without applying 
DDT for corn earworm control, producers are 
losing the use of a valuable by-product, and 
the dairy farmers are losing the source of a 
valuable and economical feed because the con- 
taminated fodder can not be fed to animals. 
These losses, and consequent increased costs 
from the necessity of using other feeds are, in 
the end, passed on to the consumer. 


INSECTS ATTACKING DAIRY CATTLE 

Numerous kinds of insects attack cattle in 
all parts of the United States. Biting flies, 
such as the stable flies, horn flies, horse and 
deer flies, and mosquitoes, plague livestock 
during the warm season of the year. To pro- 
tect themselves against these pests, cattle will 
run, fight the insects, and will not feed prop- 
erly. According to the limited experimental 
evidence available, biting flies reduce weight 
gains and milk yields up to 20%. Under 
moderate-to-severe infestations, dairy cattle 
are not contented animals or producing to the 
highest capacity. Furthermore, the quality of 
milk may be adversely affected. Studies are 
needed to determine what effect biting flies 
may have on the quality of milk, as well as 
other edible tissues. Frequently, cattle are 
frightened and under severe stress when insect 
infestations are heavy. Fright and stress very 
likely produce physiological reactions that may 
affect milk quality. 

Horn flies spend their entire adult life on 
the animal, leaving only momentarily to ovi- 
posit in the droppings or as a result of the 
animal’s fighting the flies. The only known 
economical method of controlling these flies 
is by the use of insecticide sprays on animals. 
Because of minute residues in milk, amount- 
ing to about 0.15 p.p.m. for three-four days 
after treatment, methoxychlor sprays are not 
recommended on dairy cattle. Malathion, also 
effective against horn flies, shows a residue of 
about 0.17 p.p.m. in the milk for the first few 
hours, but none a day or two later. Several 
other effeetive insecticides leave similar resi- 
dues. Therefore, we are limited in our recom- 
mendations for inseet control on dairy cattle. 

Current recommendations include the 
sprinkling of 1 tablespoonful of a 50% me- 
thoxychlor dust on the back and neck of each 
animal at 3-wk. intervals. This treatment, 
while effective in controlling horn flies, will 
not control lice or other biting flies. Methoxy- 
chlor sprays should not be used, because of 
residues, 

Pyrethrum synergized with either piperony] 
butoxide or MGK 264 will control horn flies, 
stable flies, and mosquitoes, but sprays must 
be applied every one to five days, depending 
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upon the locality and pressure of insect attack. 
Thanite and Lethane have been used for about 
25 yr. in oil-mist sprays applied at a rate of 
an ounce or two per animal, and are currently 
recommended. They are usually not so effee- 
tive as pyrethrum preparations and must be 
applied daily. No other insecticides or repel- 
lents for fly control are recommended by our 
Department for use on dairy cattle. 

Only two materials are recommended for 
control of lice on dairy animals. These are 
synergized pyrethrum emulsions containing 
0.025% of pyrethrins applied as a spray, and 
rotenone prepared by adding 1 lb. of 5% dust 
to 100 gal. of water. From 2 to 4 qt. sprayed 
thoroughly over the entire animal is usually 
necessary. Two treatments should be made 
about 2 wk. apart, in the late fall or winter. 

The same insecticides, but at higher concen- 
trations, can be used for the control of ticks, 
but are not nearly so effective as toxaphene 
or malathion which, of course, can not be 
used on milk animals, 

Rotenone is the only material that can be 
recommended for the control of cattle grubs 
on dairy animals. The spray is prepared by 
using 7% lb. of a 5% rotenone powder to 100 
gal. of water. It should be applied to the 
backs of cattle with a power sprayer or 
serubbed on with a brush. Treatments should 
be made two or three times at 30-day intervals, 
after the grubs appear in the back. 


FILTH INSECTS IN MILK BARNS AND 
PROCESSING PLANTS 

House flies ave the most important filth pests 
in and around animal shelters, milk barns, 
milk rooms, and bottling and _ processing 
plants. They breed in moist, decaying organic 
matter, including manure, straw, grass e¢lip- 
pings, and garbage. These pests do not dis- 
tinguish between filth and cleanliness, walking 
or resting indiscriminately on any surface. 
Utensils, processing equipment, and the milk 
itself, therefore, are subject to contamination 
during the several warm months of the year 
when flies are prevalent. Sanitation is the 
first line of defense against these insects. 
Breeding materials should be destroyed or 
removed from premises. 

After DDT became available, in about 1946, 
nearly perfect house fly control was easily ac- 
complished by spraying the walls, ceilings, and 
other fly-resting places at intervals of 6-12 
wk. It was soon learned, however, that DDT 
tended to flake off treated ceilings and walls 
and contaminate feed, water, utensils, and milk. 
DDT and other long-lasting materials were 
subsequently withdrawn from recommendations 
for use in dairy barns and other places where 
they were likely to contaminate foods. How- 
ever, they can be used in other farnr buildings 
and outdoor situations. 

During the early 1950's, house flies became 
resistant to DDT and other chlorinated hydro- 
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carbon insecticides, and their control became 
almost impossible. Research at our Orlando, 
Florida, laboratory and by industry and states 
showed that some of the organie phosphorus 
insecticides provided fair-to-good control, but 
that treatments had to be made more frequently 
than with the chlorinated hydrocarbons. Early 
in 1954, the Orlando researchers announced the 
development of poison baits containing sugar 
or other sweet substances plus 1 to 2% of 
malathion, Diazinon, or Bayer L 13/59. One 
type of bait is prepared in dry form and can 
be scattered in barns and other places where 
flies congregate. Another type is liquid and is 
dispensed over floors with a sprinkling can. 
These baits are highly effective against house 
flies in most situations and, in addition, are 
economical in cost and time required for ap- 
plication. They are exceedingly safe to use. 

As was to be expected, house flies gradually 
became resistant to the organic phosphorus 
materials, and last year trouble was experienced 
in obtaining control in some parts of the 
country. Researchers are now seeking substitute 
materials. 

In dairy barns house flies can also be con- 
trolled with fine mist sprays containing syner- 
gized pyrethrum. Applications should be made 
once or twice a day, or as frequently as needed 
to knock down the flies. These sprays, while 
expensive, have the advantage of complete 
safety and also of killing stable flies, against 
which the poison baits are not effective. Pyre- 
thrum sprays are widely used in dairy barns 
and other places where contamination of food 
is likely to oceur. 

Cockroaches and blow flies are filth inseets, 
hut usually not so prevalent in dairy barns as 
are house flies. However, a barn may be heavily 
infested with cockroaches without the owner’s 
knowledge, because these pests come out of 
hiding only at night. Current recommendations 
for the control of cockroaches in dairy barns 
include spraying with malathion or Diazinon 
of floors, walls up to about 3 or 4 ft., base- 
boards, under and around feed troughs or 
cabinets, and any other places where they may 
hide. 

Combating insects in and around bottling 
and processing plants requires close attention 
to cleanliness, including the prevention of waste 
food materials in which insects can breed or 
feed. Control should place emphasis on the 
exclusion of insects from the buildings. Win- 
dows should have tight-fitting sereens, and 
doors should be tight, streng, fast-acting, and 
double-swinging. Vestibules are very useful in 
trapping flying insects when personnel enter 
or leave a building. Entrance vestibules usually 


have doors at both ends. Some of them are 
equipped with automatic spray devices that 
discharge small amounts of insecticides to kill 
insects before they gain admittance to the 
plant. 

Conveyor openings are frequently fitted with 
air blowers overhead, which prevent insects 
from entering during transfer of materials to 
and from the building. The air blower must be 
of sufficient size and located so that a curtain of 
air is driven at a high speed over the opening. 

When flying insects get into the plant, aerosol 
bombs containing synergized pyrethrum are 
highly effective and safe to use. The insecti- 
cide should not be directed towards food and 
equipment, or allowed to settle thereon. 

If it becomes necessary to apply a residual 
insecticide, such as malathion, to the interior 
of a building for control of flies, food products 
and equipment should be covered with paper, 
cloth, or plastic sheets. Special brush-type ap- 
plicators reduce the hazard of sprays falling 
or drifting over food and equipment. 

Cockroaches are frequently abundant in dairy 
plants, even though a program of cleanliness 
is in effect, because they come into buildings 
as stowaways in boxes of supplies. Favorite 
cockroach harborages are switch boxes, cracks 
in tile and other wall surfaces, in and between 
cabinets and work benches, and behind insulated 
pipes adjacent to walls or ceilings. Malathion 
and Diazinon as wet sprays or dusts applied 
to these hiding places will reduce cockroach 
populations. Care must be taken not to blow 
the dust and spray around the plant. 


SUMMARY 

Insects and their near relatives are among 
inan’s most serious enemies. The dairy industry 
is affected by many of these pests in several 
stages of milk production. They feed on the 
farmer’s forage and pastures, attack his live- 
stock, and are nuisances in barns and milk 
rooms as well as in processing plants. Several 
highly effective insecticides for application to 
forage, directly on dairy cattle, and in barns 
can not be recommended because small amounts 
of residues are stored in the milk. To determine 
to what degree insecticides contaminate forage, 
meat, and milk, extensive and costly studies 
have been completed. The cost of this work 
is shared by industry, state, and federal agen- 
cies, but ultimately must be borne by the tax- 
payer and consumer. Research is needed to 
develop safe and effective insecticides for use 
by the dairy industry in providing high-quality 
milk at low costs. Many of the currently 
recommended materials and methods are costly 
and not as effective as desired. 
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PESTICIDE RESIDUES IN DAIRY PRACTICE 


F. A. VorueEs, Jr. 
Department of Health, Education, and Welfare, Washington, D. C. 


It is, of course, well recognized that some of 
the organic pesticides, which would otherwise 
find advantageous use in dairy practice, can 
and do get into milk. They have the capability 
of transferring to milk through the animal’s 
body, from its feed, from application to its 
hide, and from the air it breathes. Scientific and 
technological advisors to the dairy industry 
have joined with public health authorities in 
viewing this situation with concern. Among 
those familiar with the pertinent facts, there 
seems no divergence of opinion as to the actual- 
ity of a problem; there may, indeed, be dif- 
ferences in evaluation of the problem, and 
differences in approaches toward its solution. 

The problem is obviously soluble, in a specific 
instance, by one of two approaches: 

1. Establishment of a safe tolerance for the 
specific residue in milk, in the amount needed 
to afford practical utilization of the pesticide, 
or 

2. Abandonment of the pesticide in those uses 
of it that give rise to any residue in milk. 


The latter is the more conservative approach. 
The Food and Drug Administration seeks to 
gauge any potential health hazard with con- 
servatism dictated by our obligation to public 
interest. But we intend to do so with all due 
perspective. We intend to evaluate a situation 
of this kind from every angle contributing to 
sound appraisal of it. It has not been our view 
that sound appraisal would foreclose, without 
trial, the possibility that safe tolerances could, 
in some circumstances, be established for some 
pesticide residues in milk. 


IMPORTANCE OF MILK 


In any consideration of dairy products, we 
must recognize compelling grounds to regard 
milk as of unique dietary importance. Current 
milk production amounts to 1.7 pt. daily for 
every member of the American public. We 
drink about half of it as fluid milk and cream; 
the rest goes into ice cream, canned milk, butter, 
cheese, and the like. Some of the nonfat solids 
go into animal feed. Correcting for that, it may 
be estimated that dairy products contribute 
just about 500 calories to the average daily diet 

about 20% of the normal calorie intake. 


A substantial segment of our population de- 
pends much more heavily on milk. Those with 
physical impairment, for whom an augmented 
milk intake may be dictated, are likely to con- 
sume up to three or four times the average 


allotment. In a somewhat different respect, 
milk is even more important to some of us. An 
infant weighing 13 |b. will require approxi- 
mately 720 calories daily, about 80% of which 
will usually come from milk. This figures to 
just about 1.7 pt. which, while being the average 
allotment, in ratio to body weight, is of the 
order of ten times as much as the average. 

In terms of bulk, dairy products aggregate 
397 lb. per capita annually—about 30% by 
weight of the total food consumed. This is far 
greater than the percentage applying to any 
other type of food. Wheat products, while 
comparable to milk in the calorie value they 
supply, comprise not quite 10% by weight of 
the diet; potatoes, less than 8%; citrus, the 
fruit type consumed in greatest bulk, only 
about 3%. 

Nor does the relatively high water content of 
milk necessarily influence these comparisons. 
Potatoes are about four-fifths water; most fruit 
is of water content comparable to milk; most 
vegetables contain even more. 


SIGNIFICANCE OF PESTICIDE RESIDUES 

Public health significance of a pesticide resi- 
due is related to the prominence, in the average 
diet, of foods in which it may occur. Where, 
with respect to a particular population segment, 
there is marked increase in dietary prominence 
of such foods, importance of the residue in- 
creases correspondingly. And if the residue is 
likely to pose more than average hazard to that 
same population segment, its significance be- 
comes further emphasized. 

This is true of foods in general; the cir- 
cumstances associated with milk consumption 
enhance the magnitude of these factors. 

Reasonably quantitative account may be 
taken of mulk’s average dietary prominence, 
and relatively accurate allowance may be made 
for the comparatively heavy dependence on 
milk by infants, invalids, and the elderly. But 
it becomes considerably more of an approxi- 
mation—-not to say a guess—to settle upon a 
factor that would responsibly recognize that 
these people stand in greater risk from pesti- 
cide residues than do the majority. In any 
event, whatever may be the proper aggregate 
provision to cover these circumstances, it is 
evident that it would at least be of a magnitude 
dictating that pesticide residues can sately be 
tolerated in milk at levels no greater than a 
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small fraction of tolerances applicable to most 
foods in which residues may occur. 

Notwithstanding these a priori considera- 
tions, the Food and Drug Administration has at 
no time sought to close the door on possibilities 
for purposeful tolerances for milk, if and where 
their safety can be demonstrated. In line with 
precedent of legislative history, milk was by 
regulation classified as a raw agricultural com- 
modity, which made it a candidate for toler- 
ances under provisions of the Act. 

Relatively few petitions seeking tolerances 
specifically for milk have been submitted. 
Nevertheless, the subject has repeatedly arisen 
in connection with tolerances covering feed 
crops where, of course, prime concern is not 
merely safety of the animal consuming the 
feed, but safety of the human food which the 
animal produces from the feed. Moreover, our 
colleagues in the Department of Agriculture, 
administering the Insecticide, Fungicide, and 
Rodenticide Act, have consistently explored the 
potential residue consequences of proposals to 
use pesticides in more immediate phases of 
dairy practice. On the whole, it is probable 
that more consideration has been given to pes- 
ticide residues in milk than has been devoted to 
any other class of food. But in no case yet has 
it been possible to reach a conclusion that a 
tolerance would be justified. 

Probably with methoxychlor was a favorable 
conclusion most closely approached. It had been 
ascertained that methoxyechlor will not transfer 
to milk from an animal diet in which it does not 
exceed 100 p.p.m. But, when sprayed on the 
animal’s hide, in concentration adequate for fly 
control, methoxychlor promptly appears in the 
milk—at a maximum of about 0.25 p.p.m. To 
afford this latter usage of the pesticide, a 
petition was submitted for a tolerance in that 
amount. 

We evaluated the evidence for safety of such 
a tolerance, and regarded it as justifying refer- 
ence to an advisory committee. Terms of the 
Federal Food, Drug, and Cosmetic Act provide 
that such a committee be drawn from a panel 
of experts nominated by the National Academy 
ot Science. The Act further provides that either 
the petitioner for a tolerance, or the Govern- 
ment, may call for advisory committee ap- 
praisal of the matter. The Food and Drug 
Administration itself took the initiative to do 
so in this case. 

The committee appointed to consider the 
requested tolerance advised against it. They 
forthrightly stated their reasons. They com- 
mented at length on the toxicological findings 
in feeding experimen al animals with methoxy- 
chlor, and stressed th:.t “All data analyzed in- 
dicate a no-effect level certainly at 100 p.p.m., 
and possibly at 200 p.p.m., of a low-moisture 
diet.” 

One may be inclined to compare the quarter- 
p.p.m. tolerance sought for milk with the con- 
clusion that 100 p.p.m. had no effect on experi- 
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mental animals, and assume that this represents 
a big safety margin. But does it? The commit- 
tee’s reference is to 100 p.p.m. as the no-effeet 
level in a low-moisture diet of normal, repre- 
sentative, well-fed, and well-cared-for experi- 
mental animals, protected from the many and 
variant stresses to which humans _ habitually 
expose themselves—overindulgence in food and 
drink, overexertion in work and play, nervous 
and emotional tension, the common cold, irregu- 
larity, smoking, a polluted urban atmosphere, 
etc. If one lives the life of an experimental 
animal, it is a big margin. If not, 100 p.p.m. 
is Just a base point from which to figure. There 
must be applied to it a factor that will put 
milk on a basis comparable to that of the 
experimental low-moisture diet; then a corree- 
tion reflecting that milk contributes not all, 
even though a substantial fraction, of average 
human sustenance; then an allowance for the 
fact that some of us may consume, in ratio to 
our body weight, up to some ten times as much 
milk as the average. These adjustments alone 
bring that 100 p.p.m. figure down well below 
10; and they don’t begin to allow anything for 
the physieal burden inherent in human exist- 
ence, nothing for possibly different susceptibil- 
ity of different species, nor that the very young, 
the very old, and the very ill are probably more 
susceptible, than the average, to the effects of 
methoxyehlor. 

It appears from their report that the com- 
mittee was particularly concerned respecting 
the latter. They recommended that certain kinds 
of experimental evidence be adduced for con- 
sideration of any tolerance for milk. Among 
these were: 

1. Evidence on the influence of the chemical 
on the growth of new-born and preweanling 
infants of two warm-blooded species. 

2. Evidence on the effect of the chemical upon , 
animals with liver injury, in view of the wide- 
spread practice in medicine of using milk diets 
for patients with ailments affecting the liver. 

These are manifestly pertinent and reason- 
able recommendations. The uninitiated may 
properly wonder why this kind of evidence 
hasn’t been adduced as a matter of course. But 
to those duly appreciative of practical limita- 
tions in laboratory experimentation, this is no 
inystery. Evident difficulties of technique and 
procedure, needed to develop these facts, are 
formidable. 

Consider, for example, what may be involved 
in testing for the effect of a pesticide on pre- 
weanling rats. To get it into the animal with- 
out vitiating its preweanling status, would seem 
to require that the pesticide be in its mother’s 
milk, She’d often have to be fed well in excess 
of her own no-effect level before an amount 
sufficient for the experiment would transfer 
to her milk. That amount would need to be ascer- 
tained, to know how much the infant received. 
As it would presumably consume all its own 
mother’s milk, the latter would need a “proxy” 





198 JOURNAL OF 


to produce milk for analysis. As a matter of 
fact, a number of such proxies would be needed ; 
their individual yield would be disappointingly 
small, as only those who have milked a rat can 
fully appreciate. The infant would need to be 
weighed—quite precisely—before and after each 
feeding, with precaution to avoid weight losses 
meanwhile, in order to ascertain how much milk 
it took which, together with the analysis, would 
enable calculation of the amount of pesticide 
it got. This would necessitate a regimentation 
of the feeding habits of the preweanling rat 
no small difficulty in itself. It would need to 
be kept in mind that lactating animals are to 
be handled circumspectly, lest they decide to 
quit lactating. The rat, unaccustomed to dairy 
routine, might be quite prone to resent being 
treated like a cow. Finally, it should be under- 
stood that this study would involve not merely 
a single weanling, nor a single litter of them. 
Replication, manyfold, being essential for any 
purposeful experimentation of this kind, would 
multiply difficulties correspondingly. 

Maybe there’s a better way of doing the job 
than this; I’ve heard of no actual proposals of 
any way to do it at all. My illustration is in- 
tended to suggest, but not necessarily to specify, 
why implementation of this quite sound recom- 
mendation of the advisory committee neverthe- 
less promises to be exceedingly difficult. 

Speculation as to a course of experimenta- 
tion, to measure the effect of a pesticide residue 
on animals with impaired livers, is likely to 
lead to similar frustration. With methoxychlor, 
however, it so happens that there is already 
basis to anticipate what the results would prob- 
ably be. It is known that the liver quite readily 
converts methoxychlor to a comparatively water- 
soluble derivative; and this is evidently the 
primary detoxifying mechanism, as well as the 
more evident reason that methoxychlor does not 
easily transfer from the diet to milk. Impaired 
liver function would almost certainly alter this 
situation and increase the effect of methoxychlor. 


Incidentally, liver function is probably the 
dominant factor in detoxification of most of the 
pesticides that have shown up in milk. 


It has 
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quite generally been noted that their first ob- 
servable effect is on the liver. 


PROSPECTS FOR TOLERANCES 


As the facts have developed and become inte- 
grated, it has become increasingly difficult to 
entertain optimism for the possibilities of estab- 
lishing residue tolerances for milk. It would 
now appear that if there is a demonstrably safe 
level of any pesticide residue in milk, it would 
most probably prove to be so low that a toler- 
ance at that level would fail to serve the pur- 
pose of affording any useful employment of the 
pesticide. This approach, therefore, seems un- 
promising, and one should prudently turn to 
the alternative of abandoning those pesticides, 
or those uses thereof, in dairy practice, that do 
contribute any residue to milk. 

Recommendations of the Department of Agri- 
culture furnish a reliable guide to that end. 
Labels appearing on pesticides distributed in 
interstate commerce are, in general, similarly 
reliable, inasmuch as the law requires accept- 
ance, by the Department, of usage recommenda- 
tions they bear. 

In a survey of market milk conducted about 
2 yr. ago, and in more occasional spot-checking 
of dairy products generally, we have en- 
countered relatively wide prevalence of pesti- 
cide residue contamination, although mostly at 
quite low levels. Market sampling, for such a 
purpose, would lead to broader distribution of 


positive findings, in smaller amounts, than 
would be reflective of the source milk from 
which the contamination originates. Findings 


of DDT and BHC strongly predominated. 
Since not for a number of years has either of 
these pesticides enjoyed the recommendation of 
any responsible authority, for any use directly 
or indirectly associated with dairy practice, the 
indications are that some milk producers, or 
their feed suppliers, have either been slow to 
learn of the problem of pesticide residue trans- 
ference to milk or slow to appreciate its impor- 
tance. Members of this Association, in their ad- 
visory capacity to the dairy industry, can be of 
service to them and to the publie at large, by 
counseling against deviation from authoritative 
recommendations in pesticide usage. 
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PREVENTION OF ANTIBIOTICS IN MILK—PRESENT STATUS 


D. C. GRovE 
U.S. Department of Health, Education, and Welfare, Washington, D. C. 


Much has already been written about the 
presence of antibiotics in milk—how they may 
get there, the public health implications of their 
presence, and possible ways of keeping them 
out of this important food. A review of some 
background information on this problem is in 
order at this time. 

Antibiotics may get into milk in two ways. 
First, through deliberate addition to the milk 
as a preservative at the farm or at the milk 
processing plant and, secondly, by their in- 
advertent addition through use of antibiotie in- 
fusions in the treatment of mastitis. While we 
know that occasionally some unserupulous per- 
sons may deliberately use antibiotics as milk 
preservatives, it is our belief that this practice 
is not widespread and does not constitute the 
main souree of contamination of milk with 
these drugs. 

Because antibiotics are effective against or- 
ganisms commonly causing mastitis in dairy 
animals, a great number and variety of anti- 
biotic preparations have been introduced on the 
market for the treatment of this disease. If 
these preparations are used, and the milk taken 
from the treated animal is not discarded for a 
72-hr. period after the last treatment, then the 
milk may well contain antibiotics. Unfortu- 
nately, many farmers will send their milk to 
the processing plant within 24 or 48 hr. after 
treating the animal with these drugs and this, 
in our opinion, is the main source of contamina- 
tion. A recent survey in the State of Pennsyl- 
vania revealed that 77% of the dairy farmers 
were not discarding milk from treated animals 
for a 72-hr. period. 

Perhaps many farmers believe that any small 
amount of penicillin in their milk will be diluted 
sufficiently by antibiotic-free milk when it is 
mixed at the processing plant so that it will 
not be detected. The Sarcina lutea microbiologi- 
cal assay method for penicillin used in our 
lnboratories is capable of detecting 0.003 unit 
per milliliter. Thus, 50,000 units of penicillin 
in 4,000 gal. of milk (approximately 0.003 unit 
per milliliter) can be detected. 

The Food and Drug Administration has con- 
ducted three market surveys to determine the 
frequency with which antibiotics may be found 
in milk or dairy products. The first survey was 
made in January, 1954. A variety of dairy 
products were tested, iicluding fluid milk, 
powdered milk, evaporated milk, ice cream, but- 
ter, and cheese. Only the fluid milk samples con- 
tained penicillin. Ninety-four samples of -mi'k 
were tested for antibiotic activity. Twenty- 


eight of these were raw milk, 53 were pasteur- 
ized, and 13 were not identified. Three samples 
of the pasteurized milk contained penicillin 
(0.084, 0.015, and 0.001 unit per milliliter, re- 
spectively), as confirmed by the penicillinase 
identity test. One sample of the raw milk 
showed activity on bacitracin test plates; how- 
ever, it was not possible to prove that the activ- 
ity was due to bacitracin, since there is no iden- 
tity test for small quantities of this drug. None 
of the unidentified samples showed antibiotic 
activity. Of the 94 milk samples tested in this 
first small survey three, or 3.2%, were positive 
for penicillin. 

A second, more extensive, survey was con- 
ducted about a year later, in December, 1954, 
and January, 1955 (3). In this study, 474 
samples of milk were tested not only for peni- 
cillin but also for streptomycin, bacitracin, 
oxytetracycline, chlortetracycline, and tetracy- 
cline. In all samples but one, penicillin was the 
only antibiotic found. In this study, there were 
22 samples of raw milk and none of these 
showed antibiotic activity. However, this may 
have been due to the small number tested. Of 
the 474 samples tested 55, or 11.6%, were posi- 
tive for penicillin. 

The presence of penicillin in milk, of course, 
constitutes an adulteration under the Federal 
Food, Drug, and Cosmetic Act. However, it 
was considered desirable to try to find out the 
possible public health significance of these small 
quantities of penicillin in milk. In an attempt , 
to do this, the results of the second survey were 
sent to a number of nationally recognized ex- 
perts in the fields of antibiotic therapy, pediat- 
rics, and allergy, along with the following ques- 
tions which they were requested to answer: 

1. In your opinion are these amounts of 

antibiotics in milk dangerous for the con- 

sumer to ingest on the basis of his daily 
consumption ? 

2. Specifically, do you think these amounts 
may: 

(a) Sensitize the nonsensitive individual ? 

(b) Cause a reaction in the exquisitely 

sensitive individual? 

(c) Cause emergence of resistant micro- 
organisms ? 

Change the normal intestinal flora? 
(e) Change the normal oral flora? 


~— 


Of the 31 replies received, the majority an- 
swered “no” or “probably no” to all questions 
except the one concerning the possibility of a 
reaction in the extremely sensitive or allergic 





200 JOURNAL OF DAIRY SCIENCE 


individual. The great majority were of the 
opinion that the ingestion of the amounts of 
penicillin found in milk could conceivably cause 
a reaction in the exquisitely sensitive individual. 

It was believed that the first two surveys were 
not broad enough in their scope to get an ac- 
curate picture of the true incidence of antibiotic 
residues in the nation’s milk supply. Therefore, 
a third and considerably more extensive survey 
was conducted and completed in February, 1956 
(4). In this survey, 1,640 samples of pasteur- 
ized and 66 samples of market (raw) milk were 
tested for a total of 1,706. All states and the 
District of Columbia were included in the sur- 
vey. Of the 1,706 samples tested 101, or 5.9%, 
contained residues of penicillin. The amounts 
of penicillin found ranged from 0.003 to 0.550 
unit per milliliter, with an average of 0.032 
unit. 

As in the previous surveys, each sample was 
also tested quantitatively for streptomycin, bac- 
itracin, and the tetracyclines. Of the total num- 
her of samples tested 17, or about 1%, appeared 
to contain one of the tetracyclines, bacitracin, 
or a combination of these antibiotics. Only 
one sample contained streptomycin. The over- 
all percentage of positive samples of penicillin 
or other antibiotics was 6.9%, compared to 
11.8% found in the second survey. 

I have reviewed for you some of the back- 
ground information on this subject. Now, the 
question is—what should be done about these 
small residues of antibiotics in milk? The ob- 
vious answer is, of course, to prevent these 
drugs from getting into the milk. I should now 
like to diseuss with you what the Food and 
Drug Administration has done about this 
problem. 

After the third survey, an invitation was 
extended to a group of nationally known phy- 
sicians to form a medical advisory panel to con- 
sider the public health problems involved. A 
meeting was held in Washington, D.C., on 
September 10, 1956. Invitations to this meeting 
were also extended to the Associated Veterinary 
Laboratories, the Animal Health Institute, and 
the U.S. Department of Agriculture. Also pres- 
ent were representatives from the U.S. Public 
Health Service, the Food Protection Committee 
of the National Research Council, Milk Indus- 
try Foundation, American Medical Association, 
American Veterinary Medical Association, and 
the California Creamery Operators Association. 

After an all-day session, during which the 
problems involved were discussed thoroughly, it 
was the consensus of the panel that antibiotics 
other than penicillin when present in milk at 
the rate and in the amounts found during the 
survey do not pose, at this time, a public health 
problem. It was agreed that penicillin is a 


highly antigenic substance and that even in the 
very small concentrations found in milk may 
cause reactions in a highly sensitive individual. 
At the time of the meeting no one present could 


cite any authentic cases of reactions due to 
antibiotics following the drinking of milk. 

Several instances were discussed where re- 
actions were believed to be due to penicillin in 
milk, but in each case the milk had not been 
tested to verify the presence of the antibiotic. 
Since this time, Zimmerman (6) reported two 
definite dermatitis reactions due to penicillin in 
milk. Vickers et al. (2) reported two cases of 
acute dermatitis caused by penicillin in milk. 
Undoubtedly, there have been many other cases 
ot dermatitis of unknown etiology that may 
have been caused by penicillin in milk. As 
more physicians become aware of this possible 
unsuspected source of penicillin, the number of 
reports in the literature will increase. 

A large number of cases of severe anaphy- 
lactic shock reactions following injection, and 
occasionally after oral administration, of peni- 
cillin have been reported in a survey by Welch 
et al. (5). About 9% of these reactions resulted 
in death. So far, none of these severe reactions 
has been attributable to penicillin in milk, but 
the possibility remains. A case reported by 
Coleman and Siegel (1) will give you some idea 
of the extremely small amounts of penicillin 
that may cause a reaction in a sensitive individ- 
ual. In this case, a physician had injected a 
previous patient with a penicillin preparation, 
had washed and sterilized the syringe used, and 
then used it to inject a hormone preparation 
containing no penicillin. The patient receiving 
the hormone injection had an anaphylactic 
shock reaction. By skin tests and passive trans- 
fer studies the authors were able to establish 
that the reaction was due to minute residues of 
penicillin that had remained in the syringe, 
even after washing and boiling. They were 
also able to demonstrate by intracutaneous in- 
jections of this patient’s serum in a normal 
subject that the passively sensitized sites would 
respond to a penicillin dilution of 0.0005 unit 
ml., or one part in two billion. Thus, the pres- 
ence of penicillia in milk, even in small 
amounts, does present a potential danger to 
persons sensitive to this drug. 

After our meeting with the Medical Advisory 
Panel, the Food and Drug Administration ini- 
tiated, with the help of others, the following 
three-phase program in an attempt to eliminate 
penicillin from milk: 

l. Education of the dairy farmer. The Ex- 
tension Service of the Department of Agri- 
culture has begun an intensive educational 
program directed to the farmer, to em- 
phasize the importance of the prevention 
of mastitis through good sanitary and 
managerial practices. This may reduce 
the incidence of mastitis with a correspond- 
ing decrease in the use of drugs for treat- 
ment. The reasons why the dairy farmer 
should discard milk from treated animals 
for a 72-hr. period after the last treatment 
have also been explained in these educa- 
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tional talks. The National Milk Producers 
Federation, which we understand has a 
membership of some 500,000 dairy farmers, 
is also actively engaged in this program. 

2. Warning statement. Prior to July 29, 1957, 
the statement warning the dairy farmer to 
diseard milk for 72 hr. after the last 
treatment was not required to appear on 
the immediate label of each container of 
mastitis preparations. This statement usu- 
ally appeared on the circular which ac- 
companied the drug, which contained diree- 
tions for use. The warning statement is 
now required on the label of each con- 
tainer. We believe this will make it more 
likely to be read and understood by the 
user. 

3. Limitation of quantity of penicillin per- 
mitted in mastitis preparations for intra- 
mammary use. Since August 12, 1957, the 
maximum quantity of penicillin that may 
be contained in each dose of an antibiotic 
intended for intramammary infusion has 
been 100,000 units. Prior to that time, some 
preparations contained up to 1,500,000 
units. It is our belief that 100,000 units of 
penicillin per dose is adequate to treat 
penicillin-sensitive organisms causing mas- 
titis. Furthermore, when the smaller dose 
is used, the drug disappears more quickly 
from the milk. 


We hope that the program now in effect, 
augmented by other educational programs con- 
ducted for the dairy farmers by the various 
city and state health departments, milk proe- 
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essing plants, practicing veterinarians, and agri- 
cultural schools will eliminate penicillin from 
our milk supply. We intend to conduct a 
limited survey this summer and a large-seale 
survey this fall to check the effectiveness of 
this program. If penicillin continues to appear 
in milk, more drastic steps will have to be con- 
sidered, including the prohibition of its use in 
inastitis preparations. We sincerely hope that 
the cooperative effort of all interested parties 
will bring about the desired solution before such 
drastic considerations become necessary. 
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USE OF MARKERS IN VETERINARY PREPARATIONS FOR THE 
DETECTION OF ANTIBIOTICS IN MILK 


R. E. 


HARGROVE 


Eastern Utilization Research and Development Division, USDA, Washington, D. C. 


R. D. PLOowMAN 
Animal Husbandry Research Division, USDA, Beltsville, Md., and 
W. W. Wricut 
U. S. Department of Health, Education and Welfare, Washington, D. C. 


The frequent occurrence of veterinary anti- 
bioties in the present-day milk supply has been 
the concern of a number of individuals in many 
fields of endeavor. In the past few years, there 
appears to have been an increasing interest on 
the part of regulatory officials, as well as in- 
dustry personnel, in the incidence of antibi- 
oties in milk (7, 8). The public health signifi- 
cance of antibiotic residues in market milk and 
its regulatory aspects have been thoroughly 
covered in the preceding paper by Grove (2) 
and certainly need no re-emphasis. 

The Agricultural Research Service of the U. 
S. Department of Agriculture has a twofold 
interest in this problem. It is fully aware of 
the gross economic losses to the dairy farmer 
from mastitis and it appreciates the need for 
antibioties to control this disease. At the same 
time, the Department is equally disturbed be- 
cause such antibiotics can and occasionally do 
occur in sufficient concentration to cause seri- 
ous economic losses to the cheese and fermented 
milk industries. That veterinary antibiotics are 
capable of inhibiting dairy starter microorgan- 
isms is well documented. 

Hunter (6) in 1949 was among the first to 
point out the effeets of penicillin on Cheddar 
cheese starters. Hargrove et al. (5) in 1950 
reported on the effeets of penicillin and strep- 
tomycin on Swiss cheese starters. Several sensi- 
tive and apparently reliable tests for antibiotics 
in milk have been proposed recently, all of 
them laboratory tests that require from 2.5 to 
8 hr. to run. The time, laboratory equipment, 
and skills required reduce their usefulness, par- 
ticularly to cheese-makers and dairy farmers. 
It appears evident that a microbial assay for 
antibiotics would not be practical from the 
standpoint of testing many milks as they are 
received. 

A sizable list could be made of the various 
proposals that have been offered as a means of 
controlling antibiotics in the market milk sup- 
ply. Many of the proposals that would be sat- 
isfactory from a public health standpoint would 
be far from beneficial to the milk producer or 
manufacturer of cheese and fermented milks. 
Some would have penicillin banned from all 


intramammary veterinary preparations; others 
would ban all the antibiotics used in human 
medicine. As far as is known, all of the veter- 
inary antibioties are capable of inhibiting dairy 
starter microorganisms and, therefore, the sub- 
stitution of one antibiotic for another would 
he of no assistance to the dairy manufacturers. 
Some workers in the field of veterinary science 
have advocated that the treatment of mastitis 
with antibiotics be restricted to veterinarians. 
Although this might be an ideal situation, it 
does not guarantee that milk containing anti- 
hiotics will not enter into the general milk sup- 
ply. Undoubtedly, the educational programs 
that have been sponsored by state and loeal 
groups have had some beneficial effeet. How- 
ever, our investigations into actual cases and 
causes of cheese starter failures would indicate 
that the problem is still with us. 

It appears that a satisfactory solution to the 
problem of antibiotic residues should and must 
consider the viewpoints and needs of the milk 
producer and manufacturer, in addition to 
meeting the requirements from a health stand- 
point, 

If the dairy farmer could be provided with 
a practical means whereby he could detect the 
antibiotic as it appears in the milk of a treated 
animal, he would be less apt to forget and 
include such milk in his supply. With a rapid 
and reliable means of detection, the manufae- 
turer could detect antibiotic-containing milks 
as they were received at the plant and, thereby, 
divert such milks from his operation. Before 
this laboratory initiated its present tracer-dye 
studies, many cheese and dairy manufacturers 
indicated their urgent need for a rapid means 
of detecting antibiotics in the producer’s milk 
as it is received. Therefore, the present study 
was designed to explore the feasibility of adding 
dyes to veterinary antibiotics as a means of 
indirectly detecting antibioties in milk. 

In 1950, we entertained the idea of ineor- 
porating an innocuous certified food color in 
veterinary preparations. Our interest at the 
time was prompted by a few starter failures in 
our experimental cheese work. The work was 
not pursued when it was found that the dye, 
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amaranth red, was not excreted in the milk as 
long as was penicillin. It was apparent, then, 
that an ideal dye should be detectable in the 
milk from a treated quarter for as long a time 
as the antibiotic. Naturally, it could not be toxic 
to the cow, affect the level of milk production, 
or degrade the antibiotic activity of the drug. 
Very little interest was noted in such a pro- 
posal at that time. Since then, several workers 
have advocated the use of dyes or coloring 
agents to color the milk following treatment 
of dairy cattle with antibiotics. However, very 
little has actually been published on the sub- 
ject. 

In 1956, this laboratory participated in a 
conference sponsored by the Food and Drug 
Administration on “Antibiotic Residues in Mar- 
ket Milk.” The fluorescent-marker study was in 
its early stages at the time but, as it showed 
some promise, it was suggested as a means of 
dealing with the problem. However, the Medi- 
cal Advisory Panel at the time did not seem 
very receptive to the idea of a marker in veter- 
inary preparations. Dalgaard-Mikkelsen and 
Rasmussen (1), 1957, in Denmark, have pub- 
lished their preliminary tracer-dye study, in 
which they used a green dye called “Green S.” 
They indicated that the dye is very effective in 
coloring the milk after treatment, and suggested 
that its addition would be a reliable means of 
controlling antibioties in milk. 

Guthrie and Kosikowski, at Cornell Univer- 
sity, have also been studying the possibility of 
including dyes in mastitis preparations. Their 
work was described by Guthrie (3) at the 1957 
New York State Veterinary Convention. At 
the time, he stated that oil-soluble chlorophyll 
showed more promise than any of the materials 
they had tested. The preliminary report of 
Hargrove et al. (4), on the use of fluorescent 
materials for the detection of antibiotics in 
milk, has appeared recently. 

The tracer-dye work to be reported here, for 
the most part, is a continuation of that study. 
The work has been undertaken in a joint proj- 
ect between the Dairy Laboratories of EURDD 
and AHRD of the Agricultural Research Ser- 
vice, USDA, in cooperation with the Division 
of Antibiotics of the Food and Drug Admin- 
istration. 

As previously indicated, this laboratory has 
been primarily interested in testing fluorescing 
compounds as markers, because fluorescent ma- 
terials are known to be easily detected in trace 
amounts with ultraviolet light. The preliminary 
marker study was divided into the following 
phases: (1) The screening of a number of pos- 
sible marker materials in milk; (2) storage 
studies of marker mixed with penicillin prep- 
arations; (3) the administration of marker- 
penicillin preparations to a representative num- 
ber of cows; (4) detecting the effect of marker 
on the cows, and (5) analysis and correlation 
of dye excretion with penicillin excretion -in 
milk. 


Having selected a marker on the basis of the 


preliminary work, the study was extended to 
include: (1) The development of a quantitative 
test for the marker; (2) a study of the effect 
of markers on ten different commercial anti- 
biotic preparations throughout storage; (3) 
more intensive study of the effect of the marker 
on different cows; (4) a comparison of the rate 
of marker exeretion in eight different commer- 
cial veterinary preparations, and (5) the treat- 
ment of actual cases of mastitis with different 
veterinary products containing marker. 

Screening studies. The list of chemicals 
screened for marker properties included certi- 
tied food colors, cosmetic dyes, food-flavoring 
compounds, and a number of fluoreseing ma- 
terials such as the fluoresceins, chlorophylls, 
and hydroxycoumarins. The fluorescent ma- 
terials were added to milks and these were dilut- 
ed serially and measured for fluorescence with 
an inexpensive 2-amp., long-wave ultraviolet 
lamp. The fluorescent materials as a whole 
were superior to other compounds, with respect 
to ease and limit of detection in whole milk. 
Methyl-anthranilate, esculin, 4-methyl umbelli- 
ferone, the chlorophylls, and the fluoresceins 
were selected for further study. 

Storage studies. None of these materials 
caused a loss of penicillin activity when mixed 
with penicillin in oil and stored for a period 
of 4 mo. Some loss of penicillin activity was 
noted when penicillin and chlorophyll were 
stored in the vehicle Penicle. 

Udder infusions. Three separate trials were 
conducted to evaluate the marker materials by 
udder infusion. Some markers were subjected 
to additional trials if further testing seemed 
advisable. Each trial was designed as a bal- 
anced incomplete block experiment. Four mark- 
er treatments were assigned at random to the 
four quarters of the udder of each of six cows 
representing a wide range in milk production. 

Quarter-milkers were used to collect samples 
of the milk from the individual quarters every 
12 hr., for at least 96 hr. after infusion. Close 
veterinary scrutiny and milk production records 
were maintained. Milk samples from the treated 
quarters were tested for leucocytes, pH, anti- 
biotic content, and presence of marker. Milks 
containing marker were diluted with normal 
herd milk to determine the extent of dilution 
possible without loss of marker detectability. 

Marker effect on cows. 4-Methyl umbellifer- 
one was irritating to the udders of the test 
animals, and the milk from the treated quarters 
was definitely abnormal. Much of the methyl 
anthranilate appeared in the urine of the treat- 
ed animals. No evidence of toxicity was noted 
in the udders of the cows treated with oil- 
fluorescein and uranine (sodium fluorescein). 

Correlation studies. A combination of 125 
mg. of oil-soluble fluorescein and 125 mg. of 
uranine per dose of antibiotic showed greater 
correlation with the exeretion of penicillin than 
did the other markers. It could be detected 
visually in the milk for 48 hr. after infusion 
and up to 96 hr. with ultraviolet light. The 
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marker colored both the fat and nonfat 
portion of the milk. Its presence should pre- 
clude the use of any portion of the antibiotic- 
containing milks for manufacturing purposes. 
The cost of the fluorescein markers material 
should not amount to more than %e per dose. 

Figure 1 presents representative data which 
show a close correlation between the excretion 
of penicillin and the fluorescein marker. The 
dye in these cases persisted in the udders of 
three cows (No. 2466, 3443, and 3457), just 
about the same length of time as the antibiotic. 
It was observed that the level of milk produc- 
tion markedly affected the excretion both of 
marker and of antibiotic from the quarter. In 
this study, the level of milk production of the 
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Fig. 1. Correlation between the exeretion of 


penicillin and marker. 


cows ranged from 10 to 50 lb. per day. As 
might be expected, penicillin and marker per- 
sisted anywhere from 24 to 48 hr., or longer, 
in the lower producers. The two upper curves 
show the rate of excretion in a cow producing 
about 30 lb. of milk, and the two lower curves 
are from a cow giving over 40 lb. of milk per 
day. The two center curves are for a cow pro- 
ducing between 30 and 40 lb. Although indi- 
vidual differences in cows, and other factors, 
appeared to influence the rate of marker and 
antibiotic excretion, the level of milk produc- 
tion had the most dramatie effect. 

Figure 2 shows the typical rate of excretion 
of marker and antibiotie from a cow giving 
about 35 lb. of milk. The cow was injected with 
15 ml. of a marker-penicillin preparation. The 
dye could not be detected visually in the milk 
after the fourth milking. With the ultraviolet 
lamp, the dye was detected up to the seventh 
milking. Assays for penicillin were negative 
after the seventh milking. It was observed that 
the milks containing about ten units of penicil- 
lin per milliliter could be diluted 100 times and 
still have the marker detectable by the ultra- 
violet light. 

Analysis for marker. The procedure used for 
the detection of marker by the ultraviolet lamp, 
although very effective, was at best only semi- 
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quantitative. Determinations of the actual dye 
content of the milk seemed necessary to pro- 
vide quantitative data. Therefore, quantitative 
procedures were developed for measuring the 
oil-fluorescein and uranine separately. Briefly, 
the procedure for oil-fluorescein consisted of 
acidifying the sample with sulfurie acid, adding 
sodium tungstate, and extracting with ethyl eth- 
er. Color was measured in a Model B spectro- 
photometer at a wave length of 420 me. A 
standard curve was used to compute the micro- 
grams of marker in the sample. The determi- 
nations for uranine also were made by a spec- 
trophotometric procedure. In brief, the sample 
was treated with N NaOH, filtered, and meas- 
ured for color at a wave length of 480 mz. 
Degree of marker toxicity. Two different 
methods were followed in an attempt to de- 
termine if inereased doses of marker would 
have a toxie effect on the cows. In one instance, 
the marker was added to the veterinary prep- 
aration at the rate of 250 mg. of cil-fluorescein 
and 125 mg. of uranine per dose. Three cows 
were treated with this preparation for four 
successive milkings. No evidence of a_ toxic 
reaction could be detected. In a second pro- 
cedure, a massive dose of the marker was in- 
jected into the udder of six cows. No evidence 
of toxicity was noted with eight times the pre- 
scribed dose in two cows. Increased dosages up 
to 16 times the normal, or 2 g. per dose, caused 
no effect on two cows. However, two out of 
four cows evidenced a slight swelling in the 
quarter on the third day after injection. 
Commercial antibiotic storage study. The 
effect of the marker on the antibiotie activity 
of various commercial antibiotics during: stor- 
age is being studied. Ten different commercial 
veterinary preparations were selected for the 
storage study. The antibiotics represented in 
the preparations were penicillin, dihydrostrep- 
tomycin, bacitracin, neomycin, polymyxin, ery- 
thromycin, chlortetracycline, and streptomycin. 
One or more sulfonamides also were in several 
preparations. Among the vehicles in the prep- 
arations were mineral oil, sesame oil, peanut 
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oil, and lanolin. The marker was added to each 
preparation at the rate of 250 mg. of oil- 
fluorescein and 125 mg. of uranine per dose. 
The mixtures were stored at room temperature. 
Assays for the respective antibiotics were per- 
formed at monthly intervals for 7 mo. No ap- 
preciable loss of antibiotic activity was noted 
in seven of the preparations; whereas, in three 
there was a marked decrease in the activity of 
one or more components. Thus, neomycin was 
stable in two products, unstable in one; peni- 
cillin was stable in six, unstable in two; poly- 
Invxin was stable in one, unstable in one; bac- 
itracin, stable in one; chlortetracycline, stable 
in one; dihydrostreptomycin, stable in four; 
erythromycin, stable in one, and streptomycin, 
stable in one. These product-to-product differ- 
ences in stability suggest something more than 
antagonism between marker and antibiotic. 
Persistence of marker in udder. It seemed 
that the rate of marker excretion and persis- 
tency in the udder might vary considerably 
among the numerous commercial veterinary 
preparations on the market. To explore this 
possibility, eight commercial preparations were 
selected to be tested by udder infusion with 
marker. The preparations represented most of 
the common vehicles, and the prescribed dosages 
on the labels ranged from 6 to 28 ml. The mark- 
er was added to the preparations at the rate of 
250 mg. of oil-fluorescein and 125 mg. of ura- 
nine per dose. Four cows were injected with the 
eight preparations in two different trials. The 
test was designed so that each quarter of an 
udder in two periods received all eight treat- 
ments, with no quarter receiving the same treat- 
ment in both periods. Data from these trials 
were analyzed statistically. An analysis of var- 
iance in the number of milkings required to 
reach a certain dilution showed that there was 
no marked difference between the type of com- 
mercial preparation and the rate of marker ex- 
cretion. Figure 3 shows the range of marker 
excretion of the eight products in four cows. 
The values for each preparation fell within the 
range that is indicated by the shaded area. The 
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mercial veterinary preparations. 


marker in each preparation disappeared by the 
seventh and eighth milking. 

Mastitis treatment. In all, 18 cases of mas- 
titis have been treated with nine different com- 
mercial antibiotics to which the fluorescein 
marker was added. Milk samples were col- 
lected for 96 hr. after treatment, measured for 
marker content, and assayed for each of the 
antibiotics that were in the original prepara- 
tion. The values obtained were used to corre- 
late the persistence of marker and antibioties 
in the udder. Figure 4 represents a mastitis 
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Fig. 4. Exeretion of multiple antibiotie and 
marker from a mastitis quarter. 


case that was treated with a multiple antibiotic 
that contained marker. The marker remained 
in the quarter as long as the most persistent 
antibiotic (polymyxin). 

In conclusion, it may be re-emphasized that 
the first objective of the marker-dye study was 
to explore the possibility of such a procedure 
and, secondly, on the basis of favorable results, 
it seemed necessary to obtain sufficient data for 
evaluation and presentation to the proper au- 
thorities for a decision or ruling. The oil and 
water-soluble fluorescein-marker was definitely 
superior to all of the materials that we have 
tested. It is believed that its addition to veter- 
inary antibiotics would be of considerable value 
in eliminating antibiotic residues from the gen- 
eral milk supply. 

However, since this work was completed, 
some doubt has been cast by the Food and Drug 
Administration on whether the addition of “in- 
active” (nontherapeutic) ingredients, such as 
these dyes, to mastitis preparations would be 
advisable, since it might possibly result in resi- 
dues of the dyes in the milk supply. 
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Cheese flavor may be deseribed as a complex 
phenomenon which results from a multiplicity 
of chemical changes in the cheese system. The 
exact chemical nature of the flavor of any given 
cheese variety has not been completely eluci- 
dated; however, much information is available 
which provides a partial understanding of 
cheese flavor and the complicated reactions 
responsible for its formation. 

Flavor is a composite of sensations, of 
of which taste and odor are the most important 
components. A proper blend of components 
which can contribute to both taste and odor 
is essential to a balanced cheese flavor, just as 
a given base and aromatie must be blended to 
give a fine perfume. 

General nature of water 
suspension of cheese containing the character- 
istie flavor may be separated into taste and 
aroma fractions by vacuum distillation (Figure 
1). The residue will have a cheese-like taste, 
but is definitely lacking in aroma. On the other 
hand, the distillate will have a pleasing, cheesy 
aroma, but will be lacking in cheese taste. 
Those chemical compounds which would remain 
in the residue after vacuum distillation and 
could contribute to the “base” or taste of the 
cheese include lactic acid, amino acids, non- 
volatile fatty acids, keto acids, nonvolatile 
amines, salt, and various fragments of the 
proteins and fats. The compounds that could 
contribute to the aroma portion of the flavor 
would include such groups amines, fatty 
acids, aldehydes, ketones, alcohols, esters, and 
volatile sulphur compounds, such as hydrogen 
sulfide and mereaptans. 

Criteria in establishing the role of chemical 
compounds in cheese flavor and their limita- 
tions: A difficult problem in cheese flavor re- 
search is relating the objective chemical analysis 
to the subjective flavor evaluation. Although 
grading experts will usually agree as to the 
type of desired characteristic flavor of a 
particular cheese, there may be lack of agree- 
ment as to the degree of perfection of the flavor 
(freedom from other flavors) as to its in- 
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Fic. 1. Separation of taste and aroma compo- 


nents of cheese flavor by vacuum distillation. 


tensity. Therefore, it is difficult to obtain proof 
that a compound is a part of the desired 
characteristic flavor. Various criteria have 
been used to establish the relationship of a 
specifie chemical compound with the character- 
istic flavor of the cheese: (a) the presence of a 
specific compound, (b) an increase in concen- 
tration in the compound being studied as the 
ripening progresses, (c) variation in the rate 
of formation of the constitutents in raw and 
in pasteurized milk cheese, (d) association be- 
tween the concentration of the compound and 
the intensity of the characteristic flavor of 
the cheese, and (e) reproduction or enhancement 
of the characteristic flavor when the compound 
is added to cheese or to the flavor base. 

Of these criteria, the last two may be con- 
sidered as the most valuable. However, several 
facts must be considered with regard to the 
apparent contribution of a compound to flavor. 
For example, even if a particular che vical 
compound is related to the characteristic flavor 
of a cheese variety, it must be kept in mind 
that it may be: (a) produced simultaneously 
with the production of a flavor constituent, 
(b) the preeursor of a flavor constituent, or 
(c) the flavor compound itself. 

Generally, it is considered positive proof that 
a compound is a part of cheese flavor if its 
addition to cheese or to a synthetie bland base 
will reproduce or enhance the flavor. Qn the 





208 JOURNAL OF 


other hand, the failure of an added compound 
to reproduce or enhance the flavor of a product 
may not mean that it does not actually contrib- 
ute to the flavor. It is almost impossible to add 
the chemical back in the exact chemical or 
physical state in which it existed, or to have 
other accompanying constituents available which 
might be essential for the added compound to 
exert an influence on the flavor. This emphasizes 
an important aspect of flavor chemistry. As has 
been shown to be true in other food flavors (4), 
it is not possible to predict the effect that the 
addition of one flavor constituent will have on 
another or on a complex mixture. Therefore, 
blending, enhancement, or masking of flavors 
still remain as unpredictable factors. 

Another problem common to all flavor  re- 
search is the fact that flavor constituents may 
be present in such small concentrations as to be 
overlooked by the analytical methods used. 
Patton (5) has shown that as little as one part 
per billion of some volatile constituents may 
have a marked influence on the flavor of 
a product. 

Relationship of some specific compounds to 
cheese flavor. Many chemical compounds were 
identified in cheese by early pioneers in the 
field such as Van Slyke and Hart (9). By using 
techniques which are now reeognized as being 
extremely tedious and time-consuming, these 
workers were able to isolate and identify certain 
amino acids, fatty acids, aleohols, amines, and 
esters. Although they did not recognize the 
exact role of the individual components, they 
felt that many of these were directly related 
to flavor. Subsequent to this early work, com- 
pounds were commonly measured and placed 
in such categories as water-soluble nitrogen 
and volatile-acidity groups. The relationship of 
these analyses to characteristic flavor has been 
controversial and is now generally recognized 
as unreliable. 

The development and acceptance of new 
chemical techniques in the middle 1940's, espe- 
cially methods of chromatographic separation, 
made it possible to isolate and identify closely 
related compounds. Coinciding with the de- 
velopment of these newer methods came a re- 
newed emphasis on cheese research, with partic- 
ular reference to relationship of individual 
chemical compounds to characteristic flavor. 

Because of the belief that protein and fat 
degradation characterized cheese ripening, it 
was only natural that the first application of 
chromatographie techniques in cheese research 
would be to separate and identify the constit- 
uents within these groups. Major attention has 
been directed towards free amino acids and free 
fatty acids. 

Free amino acids have been found in appre- 
ciable concentrations in all cheese varieties and 
more than 18 different free amino acids have 
been identified. There is some evidence that the 
free amino acids do contribute to the flavor of 
cheese. In Cheddar cheese, a definite indication 
of a relationship between the concentrations of 
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free amino acids and characteristic flavor has 
been observed. Figure 2 shows results of 
analyses of some free amino acids in Cheddar 
cheese with and without characteristic flavor. 
Free glutamic acid, present in the highest 
concentration in the cheese, appeared to be 
directly associated with flavor. This is shown 
in 34 samples of Cheddar cheese (Figure 3). 
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Fig. 2. Relationship of free amino acids to the 
flavor of raw and pasteurized milk Cheddar cheese 


) 
(2S). 


These cheeses were made in the same factory 
and by the same cheese-maker. With these fac- 
tors being constant, a direct relationship can be 
observed. However, other investigators selecting 
cheeses made under variable conditions have not 
been able to reproduce these findings. 

Further evidence of the role of free amino 
acids in cheese flavor has been obtained by 
several workers reporting individual findings 
on the effect of amino acids on the flavor of 
a bland base (2,8). Wisconsin workers found 
that free amino acids added in concentrations 
found in good Cheddar cheese resulted in a 
flavor that resembled cheese (2). Persons 
judging flavor indicated a cheese-like flavor 
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Fig. 3. Apparent relationship of free glutamic 
acid to flavor of raw and _ pasteurized milk 


Cheddar cheese (2). 
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lacking in aromatie character. Cornell workers, 
conducting a similar experiment, concluded that 
the addition of amino acids to a bland base re- 
sulted in a Swiss-like flavor (8). On the basis 
ot these observations it may be concluded that 
amino acids definitely contributed directly to 
the base or taste portion of cheese flavor. 

The free fatty acids of Cheddar cheese were 
given attention by Peterson, Johnson, and Price 
(7). As shown in Figure 4, the acids of inter- 
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Fic. 4. Free fatty acid in fresh and aged raw 
and pasteurized milk Cheddar cheese (7). 


mediate chain length which were produced dur- 
ing ripening appeared to be characteristic of 
aged Cheddar cheese. The fatty acids were 
formed in higher concentrations in raw than in 
pasteurized milk cheese and, with the exception 
of butyrie acid, increased markedly during the 
ripening process. The additien of these com- 
pounds to a bland base, in concentrations found 
in aged Cheddar cheese, resulted in an aroma 
resembling that of Cheddar cheese. The com- 
plete cheese flavor was lacking and, even when 
combinations were made combining both fatty 
acids and amino acids, the resulting flavor did 
not duplicate the flavor of Cheddar cheese (2). 

Further information regarding the relation- 
ship of free fatty acids and free amino acids 
to cheese flavor is disclosed by the analytical 
data for non-Cheddar types of cheese. Particu- 
lar attention has been directed to those cheeses 
in which characteristic types of fermentation 
are known to have an important relationship to 
the nature of the flavor. Figure 5 shows the 
free fatty acid distribution in a good-flavored 
8-mo.-old Swiss cheese. The results show that 
this cheese is high in propionic acid, relatively 
high in acetie acid content, and low in butyric 
acid content. In Figure 6, the distribution of 
fatty acids in Blue cheese is shown. The ripen- 
ing of this cheese is known to be characterized 
by considerable lipase action’ and, as would be 
expected, fatty acids of intermediate and longer 
chain length are predominant. Provolone is 
another cheese in which free fatty acids formed 
by lipase action contribute to the particular 
flavor of the cheese. As indicated in Figure 7, 
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Fic. 6. Free fatty acid distribution in a good- 
flavored Blue cheese. 
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Fig. 7. Free fatty acid distribution in a good- 


flavored Provolone cheese (8 mo.). 


butyrie acid is a characterizing compound of 
this type of cheese. The relative concentrations 
of individual free fatty acids in a Provolone 
cheese which is lacking flavor are shown in 
Figure 8. This cheese showed a distribution of 
fatty acids similar to that of the good-flavored 
cheese, except that butyric acid was present in 
low concentration. Fatty acids appear to con- 
tribute directly to the flavor and it appears that 
there must be a proper blend among the com- 
ponent fatty acids, in order to have the desired 
characteristic flavor of the cheese. 
Inter-relationship between different chemical 
compounds and cheese flavor. An improper bal- 
ance of flavors has been referred to frequently 
in this paper. Some data are available which 
indicate that the proportions of both amino 
acids and fatty acids are important in relation 
to cheese flavor (Table 1). The results for 
Provolone cheese reveal that the amino acid, 


TABLE 1 


Dependence of flavor on balance between 
several compounds 


Cheese Compounds Concentration 
2.0 mg/g 
1Omg/g 
2.0mg/g 
4.0 mg/g 


Glutamie Acid 
Butyrie Acid 
Proline 
Propionic Acid 


Provolone * 


Swiss - 


“J. Dairy Sci., 39: 129. 1956. 


"J. Dairy Sci., 33: 235. 1956. 
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glutamic, and the fatty acid, butyric, must be 
present in the concentrations and ratios shown 
before a definite characteristic flavor can be 
observed. As the intensity of characteristic 
flavors of these cheeses increases, the coneen- 
trations of both these components are noted 
to increase, with the ratio continuing at about 
2 to 1 in good-flavored cheese. In Swiss cheese, 
the amino acid, proline, and the fatty acid, pro- 
pionie acid, have been related to flavor. The 
concentrations of these two compounds which 
are essential for flavor are shown (in Table 1). 
Although the available data are limited to these 
two varieties of cheese, similar relationships 
may be observed in other cheeses as research 
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Fig. 8. Free fatty acid distribution in a Pro- 
volone cheese (8 ml.) lacking flavor. 





continues. In addition to fatty acids and amino 
acids, obviously other constituents contribute 
to flavor. Their actual importance still remains 
unknown in most cases. Recent work by Kristof- 
fersen (3) has indicated a relationship between 
the concentrations of hydrogen sulfide and fatty 
acids in the characteristic flavor of Cheddar 
cheese. 

Secondary compounds formed during cheese 
ripening. Amino acids, fatty acids, and lactic 
acids, designated as primary degradation prod- 
ducts, are subject to enzyme action and the 
subsequent production of secondary ripening 
produets. 

Figure 9 illustrates some of the types of 
compounds that can be considered as secondary 
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Fig. 9. Some secondary 
or tertiary degradation products. Alpha-aceto- 
lactic acid formed from the degradation of citric 
acid is the preeursor of acetylmethylearbony! 
and diacetyl which have been related to cheese 
flavor (1). Alpha-ketoisocaproie acid is derived 
from the transamination or deamination of 
valine. Hydrogen sulfide has been related to 
Cheddar cheese flavor (3) and methyl mer- 
captan has recently been reported to be re- 
lated to cheese flavor (6). Parahydroxyphen- 
ylpyruvie acid is formed in Limburger cheese, 
and the last compound, glyeoaldehyde, is some- 
times found in Romano cheese. Each of these 
compounds is capable of contributing directly 
or indireetly to the flavor. Keto-acids, for ex- 
ample, contribute indirectly through decar- 
boxylation, with the formation of the corre- 
sponding aldehyde or ketone. These aromatic 
compounds, which have been given little quan- 
titative study, may be present in only a few 
parts per million, yet they have profound in- 
fluence upon the flavor character of the cheese. 

The secondary compounds may be related 
to cheese variety and inter-related in cheese 
flavor in the same manner as amino acids and 
fatty acids. In Table 2, the types of keto acids 
found in different varieties of cheese are shown. 
It may seem that cheeses can be classified into 
three general groups. The compounds of the 
carboxylic acid cyele characteristic of citric 
acid fermentation are present in all cheeses. In 
addition, Cheddar, Swiss, and Brick contain 
carbonyl compounds which may have been de- 
rived from transamination reactions. Cheeses 
which depend on lipase action for flavor de- 
velopment, for example, Romano, Provolone, 
and Blue cheese, contain beta-keto acids derived 
from beta oxidation of fatty acids. Limburger 
and Camembert are characterjzed by keto acids 
derived by deamination of amino acids. Alde- 
hydes and ketones, which may be considered as 
tertiary products, also may be definitely related 
to the variety of the cheese and are undoubtedly 
important components of the aroma portion 
of flavor. 
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and tertiary compounds formed during cheese ripening. 


TABLE 2 
Keto acids characteristic of cheese varieties 


Cheese variety Types of keto acids 


Citrie Acid ferment: stion, 
transamination 


Cheddar 


Swiss Citrie Acid fermentation, 
transamination 

Brick Citrie Acid fermentation, 
transamination 

Blue Citric Acid fermentation, 


beta-oxidation 

Citrie Acid fermentation, 
beta-oxidation 

Citric Acid fermentation, 
beta-oxidation 

Citric Acid fermentation, 
(eamination 

Citric Acid fermentation, 
cdeamination 


Romano 
Provolone 
Limburger 


Camembert 





The dynamic state of cheese ripening. The 
compounds formed during cheese ripening and 
which influence the flavor of the product are 
of a dynamic nature. They are subject to con- 
stant change with changing microbial popula- 
tion within the cheese. This is illustrated by the 
increase in the number of enzymes which are 
being recognized in cheese ripening. Some of 
these, related to the formation of secondary 
and tertiary ripening products, are listed (in 
Table 3). As might be expected, in cheeses 
with large quantities of a particular type of 
primary group of compounds, there occur 
enzymes capable of changing them into other 
compounds. For example, in Romano cheese, 
which contains large quantities of free fatty 
acids, beta-oxidases appear to be active in the 
formation of relatively larger quantities of 
beta-keto acids. 

An understanding of the complex enzymatic 
reactions involved in cheese ripening may be 
gained through the use of radioisotope tracers. 
Recently, radioactive sodium citrate was added 
to various actively growing cultures, including 
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TABLE 38 


Some enzymes which may act on primary degra- 
dation products during cheese ripening 


Type of enzymes Substrates Products 
Amino Acids Amines 

Amino Acids Keto Acids 
Amino Acids Keto Acids 
Deearboxylase Keto Acids Aldehydes 
Transaminase Keto Acids Amino Acids 
Fatty acid oxidase Fatty Acids Beta-Keto Acids 
Aminase Fatty Acids Amino Acids 


Deecarboxylase 
Deaminase 
Transaminase 


Streptococcus lactis, Streptococcus thermoph- 
ilus, Lactobacillus bulgaricus, and Lactobacil- 
lus lactis (1). All of these cultures utilized 
citric acid in the same manner. Experiments 
were also conducted in which Provolone, Swiss, 
and Romano cheeses were ground, made into 
an emulsion with water, and radioactive citric 
acid added. The resulting reactions were the 
same‘as with the starter cultures. Figure 10 
illustrates the results of numerous experiments 
with radioactive citrate and other radioactive 
compounds. The formation of radioactive alpha- 
acetolactie acid, which is the precursor of 
acetylmethylearbonyl, and the formation of 
glutamic acid by transamination from alpha- 
keto glutarie acid, are particularly significant. 
Upon continued incubation, it was shown that 
the radioactive carbon could be isolated from 
alpha-ketoisocaproic acid and a_ variety of 
amino acids. Thus, it would appear that utiliza- 
tion of citric acid may be important in the 
initial formation of certain amino and keto 
acids. These, in turn, especially the keto acids, 
are probably of considerable importance as 
precursors of aldehydes and ketones. 

Normally, citric acid disappears at about the 
same rate as lactose in cheese, with little of it 
being present the first 2 wk. of ripening. How- 
ever, the citric acid utilizing enzyme systems 
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of the lactic acid organisms appear to be active, 
even in extremely old cheese. For example, 
identical fermentation cycles were observed in 
2-wk., 8-wk., and 2-yr.-old Swiss cheese. The 
two latter cheeses had low bacterial counts, but 
the reactions proceeded at about the same rate 
as in 2-wk.-old cheese with a high bacterial 
content. This suggests that under normal con- 
ditions the enzymes produced by the organisms 
during growth continue to play an important 
role in directing the fermentation, even after 
so prolonged a period as 2 yr. 

The capability of the cheese to utilize the 
citric acid was found to vary under different 
conditions of ripening. Romano cheese which 
had been left exposed to air for five days was 
trimmed to remove the outer exposed portion, 
and radioactive sodium citrate was added to a 
water suspension of the cheese. This particular 
cheese was unable to form radioactive alpha- 
acetolactic or glutamic acid. Instead, radioactive 
pyruvic acid was formed, a compound normally 
found to be nonradioactive. This emphasizes 
the dynamic system and shows, also, that the 
equilibrium can be definitely unbalanced by 
changes in environmental conditions. The im- 
portance of this in regard to cheese flavor was 
emphasized in some related work done by 
Kristoffersen (3), in which cheese that had 
been aerated by repeated removal of trial 
samples developed a marked off-flavor in rela- 
tion to cheese of the same lots which had not 
been tried. Analysis showed that the aerated 
cheese had increased markedly in pyruvie 
acid content. 

In further explanation of the dynamic state 
of cheese ripening, the bio-chemist’s “meta- 
bolic pool” concept can be utilized in discussing 
the fate of a specific compound during the ripen- 
ing process. Figure 11 indicates that, if the 
formation and utilization of a specific compound 
are equal, then the concentration of the com- 
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Citrate utilization in Swiss cheese showing products of fermentation. 
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Fic. 11. Possible schemes showing how an intermediate product may either inerease, de- 


creaase, or remain unchanged during ripening. 


pound would remain unchanged. However, if 
the synthesis is blocked, and the compound is 
still utilized, then the concentration will dimin- 
ish. The same is true if a new series of micro- 
organisms develops that is capable of utilizing 
the product at a rate faster than it can be 
formed. A product will accumulate if the syn- 
thesis is markedly increased, such as in the 
case of pyruvic acid in the aerated cheeses, or 
if something oceurs to block its utilization. 
Therefore, observation of the concentration of 
a compound during the ripening may give 
some information as to its specific role in rela- 
tion to flavor. A compound may be a flavor 
component under any one of these conditions. 
Also, a precursor of a flavor component may 
not necessarily show an inerease in concentra- 
tion during ripening. It should be emphasized 
that a compound which may satisfy the first 
condition (shown in Figure 11) during part 
of the ripening may change in subsequent 
stages of ripening. 

A vast amount of research remains to be 
conducted before the full explanation of flavor 
is available. Rapid progress has been made in 
recent years as a result of modern research 
tools. With these, and additional tools now in 
process of development and/or application, 


rapid progress may be expected in the near 
future in the direction of solving the problem 
of cheese flavor and its development. A com- 
plete understanding of cheese flavor would have 
broad commercial significance in permitting con- 
trol of uniformity of flavor, avoiding economic 
losses, and increasing sales potential. 


(9) 
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